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THE  chief  value  of  the  enormous  quantities  of  bone-black 
annually  used  in  refining  sugar,  glucose,  mineral  and 
other  oils,  etc.,  lies  in  its  power  to  withdraw  from  solutions  the 
contained  organic  coloring  matters.  After  the  liquid  under 
treatment  has  run  for  some  time  over  the  bone-black,  the  absorp- 
tion of  coloring-matters  by  the  latter  is  seen  to  diminish,  and 
when  this  has  proceeded  to  a  certain  point  the  supply  is  cut  off, 
and  the  bone-black  subsequently  washed  with  water,  naphtha, 
or  other  appropriate  solvent,  to  wash  out,  as  far  as  possible,  the 
coloring-matters,  etc.,  which  have  been  absorbed  by  the  bone- 
black.  In  spite  of  the  most  careful  washing,  however,  some 
carbonaceous  matter  persistently  clings  to  the  char,  to  remove 
which  the  bone-black  is  heated  in  closed  iron  pipes  or  retorts  in 
kilns,  without  the  access  of  air.  A  destructive  distillation  of  the 
carbonaceous  matters  results,  driving  out  a  large  proportion  of 
their  substance  in  gaseous  form,  but  still  leaving  a  small  quan- 
tity of  their  carbon  deposited  in  the  pores  of  the  grains  of  bone- 
black.  This  accumulation  of  carbon  is  quite  slow,  and  the  char 
may  be  used  about  a  hundred  times  in  refining  high-grade 
sugars  before  its  pores  become  so  thoroughly  choked  as  to  destroy 
its  usefulness.  The  deterioration  is  more  rapid  for  low-grade 
sugars,  and  in  refining  petroleum  the  deterioration  is  so  exces- 
sive that  a  dozen  treatments  will  often  exhaust  the  char.  Thus 
the  sugar  refiner  finds  his  char  about  exhausted  at  the  end  of 

1  Read  before  the  New  York  Section,  April  12, 1895. 
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the  j^ear,  and  the  oil  refiner  much  sooner.  Other  minor  changes 
take  place  in  the  char,  of  course,  but  none  which  can  compare 
in  destructiveness  to  this  accumulation  of  carbon.  When  it  is 
remembered  that  about  three  tons  of  bone-black  are  needed  in  a 
sugar  refinery  to  each  ton  of  sugar  represented  in  the  daily  melt, 
and  that  while  new  bone-black  costs  upward  of  $40.00  a  ton  the 
discarded  char  brings  only  about  one-third  of  that  price,  it  will 
be  appreciated  what  a  heavy  annual  investment  the  purchase  of 
new  bone-black  entails. 

Some  unsuccessful  attempts  to  obviate  this  difficulty  had  been 
made  by  others,  but  the  distinction  of  overcoming  it  belongs  to  Mr. 
Moriz  Weinrich,  who  is  already  world  renowned  as  the  inventor  of 
the  steam  washing  centrifugal  machine  which  bears  his  name. 
He  has  recently  invented  and  patented  processes  and  appara- 
tus for  radically  improving  the  quality  of  old  bone-black.  One 
process  consists  of  the  complete  removal  of  carbon  from  the 
bone-black  and  the  artificial  introduction  of  fresh  carbon  in 
smaller  quantity.  The  other  consists  of  a  uniform  partial 
removal  of  carbon  when  that  element  is  excessive.  The  first  is 
applicable  to  exhausted  char,  such  as  sugar  refineries  and  oil 
refineries  discard.  The  second  is  preferable  for  removing  small 
percentages  of  carbon  from  bone-black  which  has  begun  to  dete- 
riorate through  the  choking  of  its  pores  with  carbon,  but  which 
has  not  reached  the  limit  of  usefulness.  In  the  first  case  all  of 
the  carbon  is  burned  out  by  passing  the  bone  black  in  a  small 
continuous  stream  through  the  inventor's  apparatus,  a  nearly 
horizontal  cylinder  of  sheet  iron,  which  is  heated  to  a  dull  red 
and  revolved  constantly.  The  char  enters  the  drum  through  a 
central  orifice  in  the  head,  closing  one  end,  which  is  slightly 
higher  than  the  other,  and  leaves  the  drum  through  peripheral 
openings  in  the  head  of  the  lower  end.  Within  the  drum  longi- 
tudinal projecting  ribs  serve  to  expose  the  bone-black  more  com- 
pletely to  the  hot  air  in  the  drum.  The  air  enters  at  the  open- 
ings in  the  lower  end  of  the  drum  and  either  wholly  or  partially 
oxidizes  the  carbon  in  the  bone-black ;  that  depending  upon  the 
heat  of  the  drum,  the  volume  of  air,  the  amount  of  bone-black 
fed  into  the  drum,  the  speed  of  turning,  etc. 

In  case  the  carbon  is  all  removed  the  mineral  frame-work 
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remains  intact  with  its  pores  opened  up.  This  bone-black  can 
then  be  treated  with  a  solution  of  glue  or  molasses,  or  other  car- 
bonaceous matter,  to  thoroughly  impregnate  it.  Then  the  whole 
can  be  rendered  thoroughly  dry  and  submitted  to  destructive 
distillation  in  closed  retorts  without  the  access  of  air.  The 
organic  matter  is  hereby  charred  in  the  very  pores  of  the  grains 
of  bone,  and  the  carbon  thus  deposited  seems  to  be  exactly  simi- 
lar to  that  originally  present.  After  the  above  recarbonization 
the  grains  must  be  washed  with  hot  water  to  remove  soluble 
substances ;  and  then  the  char  is  ready  for  use. 

In  the  case  of  partial  decarbonization  only  one  operation,  that 
of  passing  through  the  drum,  is  necessary,  where  a  high  carbon 
char  can  be  reduced  to  a  low  carbon  char  and  the  process  regu- 
lated to  remove  any  percentage  required. 

Washed  char,  fresh  from  the  filters  and  containing  those 
organic  matters  which  are  usually  destroyed  by  destructive  dis- 
tillation in  retorts  or  kilns,  can  be  thoroughly  cleansed  by  passing 
it  through  this  apparatus  at  a  heat  below  redness,  which  indicates 
the  possibility  of  this  method's  replacing  the  present  purification 
or  revivification  in  kilns. 

These  methods  have  been  investigated  and  tested  by  the 
author,  both  in  the  laboratory  and  on  a  working  scale,  in  their 
relations  to  sugar  refining,  with  eminently  satisfactory  results, 
as  shown  below.  Some  unfavorable  results  have,  at  times, 
appeared,  but  they  have  been  due  to  removable  causes,  or  have 
been  so  slight  as  to  be  negligible  in  consideration  of  the  great 
advantages  attained. 

LABORATORY  TESTS  ON  TOTAL  DECARBONIZATION,  ETC. 

A  quantity  of  old  bone-black,  discarded  from  a  sugar  refiner>^ 
and  containing  in  the  neighborhood  of  twenty  per  cent,  of 
carbon,  was  heated  in  the  open  air  until  it  was  burned  white. 
Sufficient  low-grade  sugar  syrup,  for  its  dry  substance  to  be 
equal  to  about  fifteen  per  cent,  of  the  weight  of  the  decarbon- 
ized char,  was  diluted  with  hot  water,  thoroughly  mixed  with  the 
burned  bone,  evaporated  to  dryness,  and  the  mixture  then  put 
into  an  iron  tube,  closed  at  one  end,  and  having  only  a  small  vent 
in  the  cap  at  the  other  end,  and  heated  to  a  dull  red  until  all 
the  gas  was  given  off.     This  carbonized  bone  was  then  cooled 
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and  washed  with  water,  to  remove  all  soluble  matter,  and  dried. 
It  now  resembled  new  char  in  appearance,  but  contained  only 
about  five  per  cent,  carbon.  Three  hundred  cc.  of  this  char  were 
put  into  a  liter  bottle  with  350  cc.  of  a  solution  of  molasses  sugar, 
33**  B6.  and  exponent  =  89.2,  and  heated  one  and  a  half  hours 
in  a  water-bath  at  175°  F.,  with  frequent  agitations.  New  char 
was  washed  similarly  and  dried,  and  300  cc.  subjected  to  the 
same  treatment.  The  solutions  were  then  filtered  off,  and  while 
both  had  been  greatly  lightened  in  color,  that  from  the  recar- 
bonized  char  was  considerably  lighter  than  that  from  the  new 
char.  The  exponent  of  the  former  was  93.0 ;  that  of  the  latter 
92.4.  The  char  samples  were  carefully  washed  and  heated  in 
closed  tubes,  as  before,  to  remove  the  impurities,  and  again 
treated  as  before.  These  two  samples  were  submitted  to 
nine  successive  treatments  with  very  dark  sugar  solutions,  the 
object  being  to  ascertain  whether  the  artificially  carbonized  char 
would  stand  use  as  well  as  ordinary  char.  It  was  also  found  that 
while  both  samples  deteriorated  greatly,  owing  to  the  large  amount 
of  work  which  had  been  put  upon  them,  the  treated  char  was 
relatively  as  much  better  than  the  other  sample,  at  the  end, 
as  it  had  been  at  the  beginning,  so  far  as  color  was  concerned. 
The  new  char  had  increased  the  exponent  0.17  per  cent,  more 
than  the  treated  char,  in  the  average  of  the  nine  tests,  but  while 
the  new  char  had  removed  66.6  per  cent,  of  the  color  from  the 
average  solution  the  recarbonized  char  had  removed  83.3  per 
cent. 

FACTORY   TESTS  ON   A  WORKING  SCAI.E. 

A  decarbonizing  apparatus  was  built,  consisting  of  a  cylindri- 
cal drum  of  three-sixteenth  inch  wrought  iron,  nine  and  a  half  feet 
long  by  thirty  inches  diameter,  with  a  central  longitudinal  shaft  by 
which  it  is  turned.  The  drum  has  a  slight  inclination  from  the 
horizontal  and  is  provided  with  internal  longitudinal  ribs  to  raise 
the  char  a  little  way  on  the  ascending  side  as  the  drum  revolves. 
The  whole  is  enclosed  by  brickwork  and  heated  by  a  fire  built 
beneath  its  lower  end.  By  means  of  this,  either  a  total  or  a  par- 
tial decarbonization  of  char  can  be  effected,  and  the  amount  to 
be  burned  off  can  be  regulated  to  a  nicety  by  proper  adjust- 
ment. 
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Bone-black  that  had  been  in  constant  use  nearly  a  year  and 
containing  twelve  per  cent,  of  carbon  was  reduced  to  nine  per 
cent,  of  carbon  and  tested  in  the  laboratory  against  the  untreated 
char  by  the  above-mentioned  filtration  process.  The  original 
solution  used  had  a  color  =  200  on  an  arbitrary  scale.  The  fil- 
trate from  the  untreated  char  had  a  color  =  80 ;  that  from  the 
treated  char  had  a  color  =  27. 

In  another  test  the  original  solution  had  a  color  of  240. 

Filtrate  from  untreated  char no 

**  **     treated  char 20 

*  *  *  *      over- treated  char  ( some  white  grains ) . .     26 

The  same  samples  of  char,  after  draining,  were  treated  again 
with  a  slightly  less  amount  of  sugar  solution.  ' 

Filtrate  from  untreated  char,       color  =  120 

treated  char,  **    =40 

over-treated  char,      **    =50 

In  the  two  treatments  the  untreated  char  removed  52.5  per 
cent,  of  the  color,  the  treated  char  87.9  per  cent.,  and  the  over- 
treated  char  84.5  per  cent. 

It  was  thought  that  these  tests  extending  over  one  and  a  half 
or  two  hours  might  show  a  greater  difference  between  the  sam- 
ples than  tests  extending  over  a  longer  period,  and  so  the  follow- 
ing experiment  was  made.  Three  hundred  cc.  of  each  char  were 
heated  at  i75*'F.,  with  600  cc.  Muscovado  sugar  solution  at  27I 
B6.  giving  the  following  results : 

Original  solution  had  a  color  =:  210 

One  and  a  half  hours.         Six  hours. 

Filtrate  from  house  char 50  12 

new  char 40  10 

treated  char 20  7 

showing  that  the  treated  char  held  its  own  very  satisfactorily. 

Further,  a  series  of  six  consecutive  treatments  of  new  char, 
char  several  months  in  use,  and  the  same  after  partial  decarboni- 
zation  was  made.  Three  hundred  cc.  of  each  black  were  heated 
at  1 75°  F.  with  600 cc.  Muscovado  solution  of  27°  B6.  for  ten  hours, 
being  shaken  every  fifteen  minutes.  The  char  was  thoroughly 
washed,  and  heated  in  nearly  closed  tubes  after  each  absorption 
test.  The  average  color  of  the  liquor  going  on  was  152.5;  that 
coming  off  was,  house  char,  22.8  ;  new  char,  16.4;  treated  char. 
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16.7.  The  treated  char,  although  a  trifle  below  the  new  char  in 
the  final  average,,  actually  deteriorated  less  during  the  tests  than 
either  of  the  others,  and  thus  showed  a  relative  improvement  at 
the  end  of  the  experiment. 

Many  tests  have  been  made  on  the  working  scale  which  have 
demonstrated  the  superiority  of  the  decarbonized  char  over  old 
char,  and  its  equality  in  many  respects  to  new  char. 

In  the  first  of  these  tests  a  filter  of  house  char  containing 
12.32  per  cent,  carbon,  and  another  of  decarbonized  char  con- 
taining 10.04  of  carbon,  had  equal  quantities  of  the  same  liquor 
run  over  them  for  a  prolonged  period,  forty-nine  and  a  fourth 
hours.  The  average  liquor  from  the  house  char  had  a  color  of 
25,  while  that  from  the  treated  char  had  an  average  color  of 
only  15 ;  and  it  was  very  striking  that  the  difference  in  color 
increased  as  the  test  proceeded,  the  latter  part  of  the  liquor  from 
the  untreated  char  averaging  50,  while  the  corresponding  por- 
tion from  the  treated  char  averaged  only  25.  The  house  char 
withdrew  79.88  per  cent,  of  the  color  present,  while  the  treated 
char  withdrew  87.69  per  cent. 

In  another  set  of  filtrations  on  the  working  scale,  in  a  sugar 
refinery,  a  raw  sugar  solution,  color  120  and  27.7°  B6.,  and 
exponent  90.09,  was  put,  in  the  regular  course  of  running, 
through  filters  of  char  respectively  several  months  old,  new,  and 
decarbonized.  The  average  color  of  that  from  the  old  char  was 
23 ;  from  new  char,  19 ;  from  dt'^arbonized  char  18.  The 
exponents  scarcely  varied,  being  92.17,  92.37,  and  92.09, 
respectively. 

These  are  a  few  of  a  great  many  tests  both  in  the  laboratory  and 
in  the  factory  made  upon  char  which  had  been  partially  decar- 
bonized in  a  small  working  model  which  could  not  be  controlled 
with  the  desired  nicety.  While  the  average  per  cent,  of  carbon 
in  the  decarbonized  char  was  10.04  P^r  cent.,  or  2.28  per  cent, 
less  than  in  that  from  which  it  was  prepared,  there  was  a  good 
deal  of  it  which  through  different  causes*  still  contained  more 
than  eleven  per  cent,  of  carbon,  and  considerable  which  had  been 
so  over-heated  as  to  be  rendered  weak  as  a  decolorizer.  These 
two  extremes,  while  giving  a  favorable-looking  average  per 
cent,  of  carbon,  both  deteriorate  the  char  for  the  purposes  in 
hand. 
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Some  improvement  having  been  made  in  the  operation  of  the 
decarbonizing  drum,  which,  however,  is  still  far  inferior  to 
what  the  inventor's  design  calls  for,  it  has  been  possible  to  turn 
out  a  much  more  uniform  product.  The  carbon  can  be  reduced 
to  any  desired  point  and  kept  to  within  half  a  per  cent,  of  the 
requisite  figure.  Having  thus  prepared  another  large  quantity 
of  char,  sufficient  for  factory  tests,  another  experiment  was 
made.  The  carbon  this  time  was  reduced  from  13.03  per  cent,  to 
10.22  per  cent.,  and  two  filters  filled  with  these  grades  were  run 
against  each  other.  The  liquor  entering  had  a  color  of  no. 
The  average  of  that  coming  from  the  untreated  char  was  ten, 
while  that  coming  from  the  treated  char,  all  the  conditions  being 
carefully  kept  precisely  similar,  was  only  five.  From  the  old 
char  the  liquor  ran  water- white  for  less  than  an  hour ;  from  the 
decarbonized  char  it  ran  water-white  for  more  than  five  hours ; 
and  at  the  end  of  the  run  the  liquor .  from  this  filter  was  only 
about  as  dark  as  that  at  the  middle  of  the  run  from  the  filter  of 
ordinary  char. 

Now,  as  to  the  changes  in  the  bone-black  itself : .  after  a  par- 
tial decarbonization,  microscopic  examination  shows  the  decar- 
bonization  to  be  uniform  throughout  the  grain.  Two  analyses 
made  to  illustrate  the  chemical  changes  may  be  quoted : 

Before  decarbonisation.     After  decarbonization. 

Ciarbon 12.32  8.90 

Calcium  carbonate 3.32  3.26 

Iron 0.32  0.21 

Calcium  sulphate 0.904  0.877 

Calcium  sulphide 0.628  0.494 

The  most  noticeable  and,  in  fact,  the  most  desirable  changes  are 
the  reduction  of  carbon,  with  a  corresponding  opening  of  the 
pores  and  increase  in  absorbing  power ;  and  the  reduction  of  cal- 
cium sulphide,  which  is  very  important  for  sugar  refineries,  in 
view  of  the  deleterious  action  this  latter  substance  exercises 
upon  the  sugar. 

Numerous  experiments  showed  that  the  calcium  carbonate  is 
not  decomposed  by  the  mild  heat  which  suffices  for  oxidizing 
the  carbon,  and  the  slight  decrease  indicated  above  is  doubtless 
due  to  variations  in  samples  or  error  of  analysis. 

The  friction  of  the  grains  of  bone-black  against  each  other  in 
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the  drum  is  so  slight  that  very  little  dust  is  formed.     Samples, 
taken  to  represent  as  nearly  as  possible  the  same  char  before  and 
after  treatment  showed  per  cents,  of  dust  as  follows : 

Before  treatment.  After  treatment. 

Finer  than  thirty  mesh  •  •  •  •    1 2.56  1 2.64 

**    fifty        **     ....     0.96  2.20 

The  bone-black  becomes  specifically  lighter  in  proportion  to 
the  carbon  lost,  but  this  does  not  show  in  the  determinations  of 
specific  gravity,  probably  because  of  the  grains  packing  more 
closely  after  treatment.  This  indicates  a  wearing  off  of  some 
sharp  comers  of  the  grains.  A  quantity  of  bone-black  which, 
before  treatment,  had  a  sp.'  gr.  =  1.0624,  and  lost  2.81  per  cent, 
of  carbon  during  treatment,  had  a  sp.  gr.  =  1.0636  afterward. 

As  might  be  expected,  the  process  of  opening  the  choked 
pores  renders  the  bone-black  slightly  more  friable,  as  shown  by 
the  fact  that  a  sample  which,  before  treatment,  gave  1.76  per 
cent,  of  dust,  by  the  method  described  by  the  author  in  a  pre- 
vious paper  (This  Journal,  January,  1895),  gave  2.84  percent, 
after  reatment.  This,  however,  is  scarcely  more  than  is  given 
by  some  new  bone-blacks. 

The  great  advantages  of  these  inventions,  then,  are  quite  appa- 
rent. The  refiner  of  oil,  sugar,  or  glucose,  who  uses  large  quanti- 
ties of  bone-black  need  not  discard  it  at  a  great  loss  after  its  pores 
are  choked  with  carbon  and  its  decolorizing  power  lost ;  but  he 
can,  by  a  very  simple  and  inexpensive  process,  bring  it  back  to 
its  original  decolorizing  power,  when  it  will  last  nearly,  if  not 
quite,  as  long  as  before.  But  by  far  the  greater  advantage  is  the 
possibility  of  preventing  its  ever  getting  into  bad  condition,  by 
submitting  it  to  the  decarbonizing  process  while  yet  the  carbon 
is  only  slightly  above  the  normal  for  new  char,  and  thus  keep- 
ing it  always  at  its  maximum  efficiency. 

By  a  eareful  use  of  this  apparatus  it  is  possible  to  bum  off  the 
organic  impurities  persisting  in  bone-black  after  washing, 
instead  of  charing  them  as  in  the  ordinary  method  of  revivifying, 
in  kilns  with  the  exclusion  of  air ;  and  it  is  not  at  all  impossible 
that  the  apparatus  will,  in  the  near  future,  supersede  the  present 
kilns  used  in  all  ifactories  employing  large  quantities  of  bone- 
black. 

Y0NKBR8,  N.  Y. 


[Contribution  prom  the  Chbmicai,  Laboratory  op  thb  Univbrsity 

OP  Calipornia.] 

SULPHIODlDE  OF  LEAD. 

By  Victor  I^enhbr. 

Received  March  30, 1895. 

ACCORDING  to  Humefeld  (J,prakL  Chem.,  7,  27)  Reinsch 
(J,  prakt,  Chem.,  18,  130)  and  Parmentier  {Compt,  rend.y 
114,  299)  there  exists  a  chlorsulphide  of  lead  and  an  analogous 
bromsulphide  of  a  cinnabar  red  color,  obtained  by  adding  hydro- 
gen sulphide  to  a  solution  of  lead  chloride  in  hydrochloric  acid, 
or  to  the  corresponding  bromide  in  hydrobromic  acid. 

As  lead  iodide  dissolves  readily  in  potassium  iodide  with  the 
formation  of  the  double  iodide  PbI„2KI,  and  with  excess  of 
potassium  iodide  PbIa,4KI,  it  was  found  that  when  working 
with  this  salt  an  iodosulphide  of  brick-red  color  and  rapidly 
changing  composition  was  formed  when  its  solution  was  treated 
with  hydrogen  sulphide. 

The  precipitate  formed,  when  hydrogen  sulphide  is  added  to  a 
solution  of  the  double  iodide  in  potassium  iodide,  is  brick-red  in 
color,  rapidly  changing,  on  further  addition  of  that  reagent,  suc- 
cessively through  dark  red  to  brown,  and  finally  the  black  sul- 
phide is  obtained  which  careful  examination  showed  to  be  free 
from  iodine.  Cold  water  saturated  with  hydrogen  sulphide  was 
added  to  a  strong  solution  of  lead  iodide  in  a  saturated  solution 
of  potassium  iodide ;  the  red  precipitate  which  was  obtained  was 
rapidly  filtered  by  means  of  a  suction  apparatus,  washed  with  a 
saturated  solution  of  potassium  iodide  to  remove  any  PbI„KI 
which  possibly  may  have  separated  by  the  dilution ;  it  was  then 
washed  with  cold  water  till  the  reaction  for  iodine  entirely  disap- 
peared; absolute  alcohol  was  then  added  to  displace  the  water, 
followed  by  carbon  -bisulphide  to  remove  any  sulphur,  after 
which  absolute  alcohol  was  again  added  and  the  precipitate  dried 
by  drawing  cold  air  over  it. 

When  PbI,,4KI  is  diluted  with  water,  yellow  PbI„KI  separates. 
The  red  sulphide  was  examined  very  carefully  for  potassium  but 
none  was  found. 
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As  the  tendency  of  the  substance  to  decompose  into  lead  sul- 
phide and  lead  iodide  was  so  great,  only  small  quantities  were 
prepared  at  one  time. 

The  lead  was  determined  by  treatment  with  nitric  acid,  fol- 
lowed by  a  few  drops  of  sulphuric,  and  was  weighed  as  sulphate. 
The  sulphur  was  determined  only  after  much  trouble,  as  all 
attempts  to  oxidize  it  caused  sulphur  to  separate.  The  method 
employed  was  treatment  with  a  hot  solution  of  sodium  carbonate, 
which  completely  converted  it  into  lead  sulphide,  carbonate,  and 
sodium  iodide.  This  was  brought  upon  a  Gooch  crucible, 
washed  with  water,  followed  by  a  little  dilute  acetic  acid  to  remove 
the  carbonate,  again  washed  with  water,  after  which  it  was 
treated  with  nitric  and  sulphuric  acids,  and  weighed  as  lead  sul- 
phate. 

The  iodine  was  estimated  by  covering  the  iodosulphide  with 
an  excess  of  a  decinormal  solution  of  silver  nitrate  ;  decomposi- 
tion was  then  effected  by  means  of  nitric  acid,  and  the  excess  of 
silver  titrated  with  a  decinormal  ammonium  thiocyanate  solu- 
tion, using  ferric  alum  as  an  indicator.  Analysis  gave  the  reults  : 

Lead.  Iodine.  Sulphur. 

49.06  49.97  I.51 

50.16  49'8i  1.98 

50.24  2.21 

50-33.  2.17 

The  results  approximate  the  composition  of  PbS,4PbI,  which 
requires : 

Lead.  Iodine.    .  Sulphur. 

49.20  48.77  1.53 

Hydrogen  sulphide  gas  passed  through  a  saturated  solution  of 
PbI„4KI  in  the  cold,  also  gave  a  brick-red  precipitate  which, 
treated  in  the  manner  described  in  the  previous  experiment,  gave 
on  analysis,  49.98  per  cent,  of  iodine. 

This  method  for  the  preparation  of  the  iodosulphide  is  very 
unsatisfactory,  as  it  rapidly  darkens  even  in  presence  of  large 
excess  of  the  iodide,  and  from  the  fact  that  only  a  small  fraction 
of  a  per  cent,  of  product  can  be  obtained. 

Various  colored  products  were  obtained  in  the  investigation, 
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containing  lead  from  49.06  per  cent,  to  the  normal  sulphide,  and 
iodine  in  a  similar  manner  from  50.84  per  cent,  to  a  sulphide 
entirely  free  from  it.  All  of  these  but  the  one  approximating, 
PbS,4PbI„  were  inconstant  in  composition  and  more  or  less  rap- 
idly decomposed  into  lead  sulphide  and  lead  iodide,  as  might 
be  expected  from  the  knowledge  of  the  chlor-  and  bromsul- 
phides ;  the  iodosulphide  is  readily  decomposed  by  heat,  acids, 
and  alkalies ;  and  even  long  exposure  to  light  decomposes  it. 


ON  THE  DETERniNATION   OF   SHALL  QUANTITIES  OF 
PHOSPHORIC  ACID  BY  THE  CITRATE  METHOD.* 

By  E.  G.  Runyan  and  H.  W.  Wiley. 

Received  April  15.  1895. 

THE  results  obtained  by  analysts  in  different  parts  of  the 
world  in  precipitating  phosphoric  acid  directly  by  mag- 
nesia mixture,  in  presence  of  citric  acid  or  its  salts,  show  that 
this  process  may  safely  take  the  place  of  the  molybdenum 
method  with  all  standard  tricalcium  phosphates  or  their  prepa- 
rations. We  have  observed  in  our  work  the  most  satisfactory 
agreement  between  this  method  and  the  molybdenum  method  of 
the  Association  of  Official  Agricultural  Chemists.  This  state- 
ment, however,  holds  true  only  when  the  phosphoric  acid  is  present 
in  considerable  quantities,  at  least  in  excess  of  five  per  cent. 
With  smaller  quantities  of  phosphoric  acid  we  have  observed 
that  the  citrate  method  leads  to  results  which  are  decidedly 
inferior  to  those  obtained  by  the  molybdenum  process. 

The  principle  of  the  citrate  method  may  be  stated  as  follows : 
In  the  presence  of  a  considerable  excess  of  ammonium  citrate  a 
solution  of  a  magnesium  salt,  made  alkaline  by  ammonia,  will  pre- 
cipitate the  phosphoric  acid  as  ammonium  magnesium  phosphate. 
The  iron  and  alumina  which  may  be  present  in  the  solution  will 
not  be  precipitated  under  the  above  circumstances  either  as  hydrox- 
ides or  as  phosphates.  The  ammonium  magnesium  phosphate 
can  be  subsequently  separated  by  filtration,  converted  into  mag- 
nesium pyrophosphate  and  weighed.     An  examination  of  the 

1  Read  before  the  Washington  Section,  April  11,  1895. 
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pyrophosphate  obtained  as  above  will  disclose  the  presence  of 
iron  and  alumina,  but  experience  has  shown  that  an  equivalent 
amount  of  phosphoric  acid  will  be  found  in  the  filtrate  after  the 
separation  of  the  ammonium  magnesium  phosphate.  The  errors 
are,  therefore,  mutually  compensatory  and  results  obtained  agree 
within  the  ordinary  errors  of  analysis  with  those  of  the  molyb- 
denum method. 

Our  experience  having  shown  us  that  the  above  principles 
could  not  be  applied  in  the  presence  of  small  quantities  of  phos- 
phoric acid  we  were  led  to  try  the  following  simple  expedient : 
Whenever  we  had  to  deal  with  a  small  percentage  of  phosphoric 
acid,  for  instance,  anything  below  ten  per  cent.,  we  added  to 
the  solution,  before  the  precipitation,  a  sufficient  quantity  of  a 
solution  of  a  phosphate  of  known  strength  to  bring  the  total  per- 
centage of  phosphoric  acid  in  the  mixture  up  to  that  of  a  natural 
tricalcium  phosphate  of  good  quality ;  viz, ,  from  fifteen  to  thirty  per 
cent.  In  these  circumstances  we  were  able  to  obtain  perfectly 
accurate  results,  even  in  cases  where  less  than  one  per  cent,  of 
phosphoric  acid  was  present.  The  following  analytical  data  will 
illustrate  the  character  of  the  work : 

Solutions  Employed, — No.  i.  This  is  a  solution  of  cottonseed- 
meal  and  castor  pomace.  It  is  part  of  a  sample  sent  out  last 
year,  by  the  reporter  on  phosphoric  acid,  to  the  members  of  the 
Association  of  Official  Agricultural  CHemists. 

Nos.  2  to  5  inclusive.  These  are  solutions  of  natural  phos- 
phates containing  very  small  percentages  of  phosphoric  acid, 
some  of  them  less  than  one  per  cent. 

Nos.  6  to  lo  inclusive.  These  are  preparations  made  by  dilu- 
ting a  standard  solution  of  a  superphosphate  with  water.  This 
superphosphate  was  a  part  of  a  sample  sent  out  by*  the  official 
reporter  for  1894. 

Nos.  II  to  17  inclusive.  These  are  natural  rock  phosphates 
containing  large  percentages  of  phosphoric  acid,  and  the  data 
show  the  agreement  between  the  direct  citrate  and  the  official 
molybdenum  method. 

The  above  solutions  for  the  citrate  method  were  made  by  treat- 
ing two  grams  of  the  material  with  fifty  cc.  of  sulphuric  acid  and 
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twenty  cc.  of  nitric  acid,  and  boiling  until  fumes  of  sulphuric 
acid  began  to  escape. 

Citrate  Method. 


A.fter  adding  as  cc. 

of  known  phos- 
phate solu- 

Calculated 

Official 

for  original 
solution. 

molybdenum 

Direct. 

tion. 

method. 

Solution 

Per  cent. 

Per  cent- 

Per  cent. 

Per  cent 

No. 

P.O.. 

p,o,. 

P.O.. 

P.O. 

X. 

i.oS 

8.93 

a.51 

a.46 

2.17I 

8.97 

l& 

a.50 

1-53, 

15.92 

a.49 
a^S 

2.30I 

1576 

2.45 

a. 

0.76 

10.91 

?:S 

i.oa 

0.64 

II. 10 

x.oa 

3- 

3.76 

14.10 

4.08 

4.08 

364 

14.16 

4.14 

3-99 

4. 

0.3a 

10.78 

0.76 
0.89 

0.77 

0.19 

10.91 

0.76 

S 

o.as 

10.83 

0.80 

0.88 

6. 

0.76 

XI. 16 

1.14 

1.15 

0.96 

XI. 16 

1.14 

1.15 

7. 

a.17 

ia.38 

a.36 

a.30 

a.36 

xa.31 

a.a9 

a.31 

8. 

3.25 

13.46 

3.44 

3.44 

325 

13.46 

3.44 

3-46 

9. 

4.40 

14.67 
1448 

4.46 

4.6a 

4.47 

4-59 

ID. 

5.68 

15-69 

5.67 

5.74 

5-29 

1563 

5.61 

[ 

5.77 

It. 

17.23 

•  •  •  • 

•  •  •  1 

17.39 

la. 

37-77 

•  •  •  • 

•  ■  •  < 

37-77 

13. 

1537 

•  •  •  • 

•  •  • 

15-44 

14. 

39.16 

•  •  •  • 

•  ■  • 

39.33 

15- 

ao.jfl 

•  •  •  • 

•  •  •  « 

2947 

16. 

31M 

•  •  •  • 

•  •  •  t 

31.64 

17- 

3a.aa 

•  •  •  « 

•  •  •  < 

32.15 

Explanatory  Notes. — With  solution  No.  i  four  determinations 
were  made.  In  the  first  and  third  instances  the  mixture  was 
allowed  to  stand  twenty-four  hours  before  filtering,  while  in  the 
third  and  fourth  instances  it  was  allowed  to  remain  for  three" 
days.  The  results  clearly  show  the  progressive  separation  of  the 
crystalline  precipitate,  almost  the  full  quantity  being  secured 
after  the  lapse  of  three  days.  In  the  first  and  second  instances  there 
was  added  enough  of  a  solution  of  rock  phosphate  to  bring  the 
total  phosphoric  acid  up  to  about  nine  per  cent.,  while  in  the 
third  and  fourth  determinations  a  solution  of  a  richer  rock  was 
added,  bringing  the  total  phosphoric  acid  in  the  mixture  up  to 
abo&t  sixteen  per  cent.     There  was  little  difference  noted  in  the 

i  stood  73  hours. 
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results.  Beginning  with  solution  No.  2,  the  increase  in  the  con- 
tent of  phosphoric  acid  was  secured  by  adding  measured  quan- 
tities of  a  solution  of  ammonium  phosphate  of  known  stength 
The  results  show  that  a  chemically  pure  phosphate  can  be  used 
with  equal  satety  in  place  of  solutions  of  rock  phosphate.  By  a 
study  of  the  results  obtained  with  solution  10,  it  is  seen  that 
when  the  content  of  phosphoric  acid  reaches  about  six  per  cent, 
the  direct  method  with  magnesium  citrate  gives  approximately 
correct  results.  It  is  to  be  recommended,  however,  in  all  cases 
where  the  sample  contains  less  than  ten  per  cent.,  that  fortifica- 
tion with  a  solution  of  a  phosphate  of  known  strength  be  prac- 
ticed. 

Solutions  II  to  17  inclusive  were  made  from  samples  of  rock 
phosphate  quite  rich  in  phosphoric  acid  and,  therefore,  required 
no  fortification.  It  is  seen  in  all  cases  that  the  data  obtained 
by  the  direct  citrate  method  are  almost  identical  with  those 
secured  by  the  official  molybdenum  process. 

Condusiofts. — (i)  In  all  cases  of  samples  of  tricalcium  phos- 
phate, or  acid  phosphates  made  therefrom,  containing  the  usual 
accompanying  substances,  the  phosphoric  acid  may  be  correctly 
estimated  by  direct  precipitation  with  magnesium  citrate.. 

(2)  In  all  cases  of  the  analysis  of  natural  rock  phosphates 
containing  less  than  five  per  cent,  of  phosphoric  acid  it  is  neces- 
sary to  fortify  the  solution  before  precipitation  by  adding  a 
measured  quantity  of  a  solution  of  phosphoric  acid  of  known 
strength. 

(3)  The  fortifying  solutions  employed  may  be  made  either 
Jrom  natural  tricalcium  phosphates  or  from  chemically  pure 
phosphate  salts. 

(4)  The  direct  precipitation  of  the  phosphoric  acid  in  the 
presence  of  ammonium  citrate  by  ammoniacal  magnesia  mixture 
is  a  quicker  and  less  expensive  process  than  the  official  molyb- 
denum method  and  leads  to  results  equally  accurate. 

(5)  We  have  not  applied  the  direct  citrate  method  to  the 
natural  iron  and  aluminum  phosphates,  and  therefore  can  make 
no  statement  in  regard  to  its  accuracy  in  the  treatment  of  ^uch 
samples. 


[Contributions  prom  thk  Chemicai,  Laboratory  of  Obbri,in 

C01.1.EGE.] 

AN  ARRANGEMENT  FOR  WASHING  PRECIPITATES 

WITH  BOILING  WATER. 

By  Prank  p.  Jbwstt. 
Received  February  7.°x895. 

IN  using  the  ordinary  wash-bottle  for  boiling  water,  the  mouth- 
piece is  not  infrequently  so  much  heated  by  escaping  steam 
that  the  lips,  when  applied  to  it  in  the'  usual  manner,  are  either 
uncomfortably  overheated  or  positively  burned.  To  avoid  this 
result  the  apparatus,  herein  described,  was  devised,  and  has 
worked  with  perfect  satisfaction. 

Two  flasks  are  arranged  as  shown  in  the  figure.  To  the  lower 
one.  A,  is  fitted  a  rubber  stopper  through  which  pass  three  glass 
tubes.  A  short  one,  bent  at  right  angles,  just  enters  the 
flask,  and  to  its  outer  extremity  is  attached  a  short  rub- 
ber tube  provided  with  a  spring  clip  C. 
A  long  tube  reaches  to  the  bottom  of 
the  flask  and  extends  six  or  eight  inches 
at  right  angles  from  a  point  just,  above 
the  stopper.  To  its  outer  end  is  attached 
a  rubber  tube  a  few  inches  long,  into 
iS^ which  is  fitted  a  glass  jet,  G,  bent  at 
right  angles  and  wound  about  with  a 
strip  of  felt  or  other  non-conducting  ma- 
terial. A  third  tube,  E,  extends  from 
the  bottom  of  the  lower  flask  just  through 
the  stopper  of  the  upper  flask  B,  which 
is  also  provided  with  the  tube  F  reach- 
ing to  the  top  of  the  flask. 

To  use  the  apparatus,  the  water  is 
heated  to  gentle  boiling,  the  steam  pass- 
ing out  through  the  open  clip  C.  When  a  precipitate  is  to  be 
washed,  the  clip  is  closed  and  the  pressure  of  the  steam  at  once 
drives  the  water  out  through  the  tube  D.     By  clasping  the  non- 
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conducting  cover  of  the  jet  G  with  the  thumb  and  finger,  the 
stream  of  boiling  water  may  be  directed  to  any  place  desired. 
Any  excess  of  pressure  simply  drives  the  water  slowly  throiigh 
the  tube  E  into  the  upper  flask,  from  which  the  air  escapes 
through  F. 

When  a  sufficient  quantity  of  water  has  been  used,  the  clip  is 
opened,  the  jet  G  raised,  and  the  water  immediately  returns  to 
the  lower  flask. 

Obbrun,  Ohio. 


INTERPRETATION  OF  SOME  RESULTS  IN  THE  ANALYSIS 

OF  EXTRACTS  OF  FUSTIC. 

By  Charles  S.  Botbr. 
Received  April  13, 1895. 

SOME  time  since,  the  writer  made  several  analyses  of  samples 
of  extract  of  fustic,  the  method  of  whose  manufacture 
was  at  the  time  unknown.  Since  there  are  no  recorded  analy- 
ses of  extracts  of  fustic,  so  far  as  I  can  find,  it  was  thought  that 
a  statement  of  the  results  and  conclusions  might  be  of  interest  to 
those  engaged  in  this  line  of  work. 

The  method  of  analysis  employed  is  briefly  as  follows :  Five  to 
six  grams  of  the  extract  were  carefully  dried  in  a  water-bath 
until  no  further  loss  occurred,  the  loss  being  regarded  as  water. 
Two  to  four  grams  of  this  dry  powder  was  now  put  into  a  Soxh- 
let  extractor  and  thoroughly  and  repeatedly  exhaused  with  abso- 
lute alcohol,  the  alcoholic  extract  distilled,  and  the  residue  dried 
and  weighed.  The  residue  was  in  every  case  treated  with  boil- 
ing water  and  tested  for  tnorin  and  madurin  {morin-ianmn)  y  the 
former  by  adding  to  one  portion  a  few  drops  of  aluminum  sul- 
phate and  the  latter  by  adding  to  another  portion  some  ferric 
chloride,  but  in  each  case  with  negative  results.  The  residue 
from  the  alcoholic  extract  was  ignited  in  a  platinum  crucible 
and  the  ash  subtracted  from  the  matter  soluble  in  absolute  alco- 
hol. For  the  ash  percentage,  five  grams  of  the  powder  was 
carefully  ignited  in  a  capacious  platinum  crucible  and  the  result- 
ing ash  weighed. 

The  results  of  the  analysis  of  three  extracts  of  fustic  found 
upon  the  market,  together  with  those  of  two  extracts  whose 
methods  of  manufacture  were  known,  are  put  into  a  table  below. 
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The  results  are  also  calculated  upon  a  dry  basis  so  that  they  may 
be  compared  the  better. 

I.  II.  III.  IV.  V. 

*-     S  2  **    *-     5  2**      **     5  2  *<     **     5  2  *•    i*     5  2  *• 

P4  P4P4  CkPk  PkPU  (3t4P4  04 

Water 67.09  ....  50.42  ....  36.48  ....  49.63  ....  6.18  .... 

Orgamc  matter  soluble  in 

absolute  alcohoi 31.34  95.23  38.57  77.79  52.^5  8320  47-41  94-"  75-55  80.53 

Ash 0.52  Z.58  5.54  ii.z8  Z.34  1.95  Z.05  2.08  7.62  8.X2 

Orfi^anic  matter  insoluble 

in  alcohol 1.05  3,19  5.47  11 03  9.43  14.85  1.92  3.81  10.65  "-35 

100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00  X00.00  100.00 

Sample  IV  was  made  in  an  open  extractor,  the  water  used  in 
the  extraction  being  brought  to  a  boil  before  it  was  run  on 
the  wood  and  the  length  of  time  that  eacli  **  water  **  remained  in 
contact  with  the  wood  being  fifteen  minutes.  Eight  **  waters  ** 
were  taken  off.  Sample  V  was  extracted  under  five  pounds 
pressure,  using  seven  waters  and  the  weak  liquor  being  evapo- 
rated to  dryness. 

It  will  be  seen  that  Sample  I  is  very  similar  to  IV,  while  the 
analysis  of  II  and  V  are  very  much  alike,  especially  in  that  both 
have  a  high  percentage  of  ash  and  approximately  the  same 
amounts  of  organic  matter  insoluble  in  alcohol. 

It  is  quite  true  that  different  brands  of  fustic,  and  even  differ- 
ent cargoes  of  the  same  brand,  contain  varying  percentages  of 
inorganic  matter,  or  ash.  This  might  lead  one  to  erroneous 
conclusions  were  one  to  depend  entirely  upon  the  ash  percent- 
ages. However,  the  chief  mineral  constituents  of  fustic  are  lime 
and  magnesia,  and  as  a  result  of  a  large  number  of  analyses  the 
writer  finds  that  these  two  ingredients  form  another  guide  in 
determining  the  method  of  extraction.  The  more  presstue  used- 
in  the  extraction,  the  higher,  within  certain  limits,  the  ash  per- 
centage, and  also  the  larger  the  amount  of  lime  and  magnesia 
contained  in  the  ash.  In  the  extracts  under  investigation  the 
percentages  of  lime  and  magnesia  together  were  in  I,  41.16 
per  cent.;  IV,  46.83  percent. ;  II,  68.12  per  cent. ;  and  V,  62.15 
per  cent,  of  the  total  ash. 

Another  ingredient  which  might  prove  misleading  is  extract  of 
quercitron  bark.  In  order  to  ascertain  whether  any  of  these 
extracts  contained  this  adulterant,  a  series  of  dye-tests  were 
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made  depending  upon  the  different  affinities  of  the  coloring 
principles  of  bark  and  fustic  for  alum  and  tin  mordants,  but  in 
none  of  them  could  any  admixture  with  quercitron  bark  extract 
be  detected. 

The  conclusions  drawn  from  these  analyses  and  comparisons 
were  that  I  was  made  entirely  by  the  '*  open-extraction'*  method  ; 
II  was  made  by  the  "  closed-extraction' '  method,  using  five  to 
eight  pounds  pressure  ;  and  that  III  was  extracted  in  open  ves- 
sels, but  that  the  changes  of  *'  waters'*  was  done  underpressure. 
The  reason  for  the  latter  conclusion  was  that,  while  the  ash  per- 
centage was  low,  the  **  extractive  matter,"  or  organic  matter 
insoluble  in  alcohol  was  very  high  and  the  only  way  that  this 
could  happen  would  be  by  opening  up  the  fiber  of  the  wood,  as 
is  the  case  in  open  boiling  and  then  applying  pressure,  which 
carried  this  **  extractive  matter"  into  the  extracting  liqUor. 
These  conclusions  were  subsequently  borne  out  by  experiments. 

Camden,  N.  J.,  April  6,  1895. 
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b.  Five  cc.  of  the  cerium  sulphate  solution  were  diluted  to  sixty 
cc,  and  brought  to  boiling,  when  alcohol  was  added,  five  cc.  at 
a  time,  until  sixty-five  cc.  had  gone  in,  but  the  solution  still 
remained  clear.  To  this  hot  solution  the  cerium  sulphate  solu- 
tion was  added  in  the  same  way  as  the  alcohol  had  been.  The 
first  addition  of  five  cc.  caused  a  precipitate  to  form,  which  redis- 
solved  at  once.  The  second  addition  of  five  cc.  caused  a  precip- 
itate which  dissolved  again  very  slowly,  and  with  the  third  addi- 
tion the  cerium  sulphate  came  down  in  fine  needles. 

It  was  evident  that  the  amount  of  alcohol  which  had  been  used 
in  experiments  8,  9  and  10,  with 'the  sodium  molybdate,  had  not 
been  sufficiently  great  to  cause  by  itself  the  precipitation  of  the 
cerium  sulphate.  The  experiments  were,  therefore,  repeated, 
the  conditions  being  slightly  varied. 

Experiment  11.  Ten  cc.  sodium  molybdate  solution  were  dilu- 
ted to  100  cc,  and  fifteen  cc.  of  the  cerium  sulphate  solution 
added.  To  this,  in  the  cold,  fifty  cc.  of  ninety-five  per  cent,  alco- 
hol were  added  very  gradually,  and  with  constant  stirring.    The 
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whole  was  allowed  to  stand  for  half  an  hour,  when  the  precipi- 
tate was  filtered  off,  washed,  first  with  fifty  percent,  alcohol,  then 
with  thirty  per  cent.,  and  finally  with  pure  water,  ignited,  and 
weighed.     The  results  obtained  were  the  best  of  all  the  series. 

Wt.  obtained.  Calculated.  Difference. 

0.1620  gram.  0.1629  —0.0009 

The  ignited  precipitate  dissolved  in  hydrochloric  acid  gave  no 
trace  of  sulphuric  acid  when  tested  with  barium  chloride. 

Experiment  12, — This  was  a  duplicate  of  No.  11,  except  that 
the  final  washing  was  done  with  twenty  percent,  alcohol  instead 
of  pure  water.  The  washing  was  continued  until  there  was  no 
reaction  with  barium  chloride  for  sulphuric  acid. 

wt.  obtained.  Calculated.  Difference. 

0.1799  gram.  0.1629  +0.0170 

The  precipitate  was  tested  as  before,  and  proved  to  contain 
cerium  sulphate. 

Experiment  ij, — Ten  cc.  of  sodium  molybdate  solution  were 
diluted  to  185  cc.  and  fifty  cc.  of  ninety-five  percent,  alcohol 
added,  followed  by  fifteen  cc.  of  cerium  sulphate  solution.  After 
standing  an  hour  the  precipitate  was  filtered  off,  and  washed  in 
the  same  manner  as  in  No.  12. 

wt.  obtained.  Calculated.  Difference. 

0.1644  gram.  0.1629  0.0015 

From  the  precipitate  barium  sulphate  equivalent  to  0.00146 
gram  of  cerium  sulphate  was  obtained,  and  the  filtrate  gave 
0.0007  gram  of  molybdenum  trisulphide. 

Experiment  14, — This  was  a  duplicate  of  No.  13. 

wt.  obtained.  Calculated.  Difference, 

o.  1 708  gram .  o.  1 629  0.0079 

The  precipitate  yielded  the  equivalent  of  0.0090  gram  of  cerium 
sulphate  with  barium  chloride. 

With  hydrogen  sulphide  a  precipitate  of  molybdenum  trisul- 
phide was  given  by  all  the  filtrates  from  the  experiments 
described  above,  the  amount  varying  in  wide  limits.  While  alco- 
hol diminished  the  solubility  of  the  cerium  molybdate  formed, 
the  advantage  gained  was  more  than  counterbalanced  by  the 
tendency  of  the  molybdate  to  carry  down  with  it  cerium  sulphate 
in  the  presence  of  alcoliol. 
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SODIUM   TUNGSTATE  AND   CERIUM   SUI.PHATE. 

The  solution  of  sodium  tungstate  used  contained  27.07  grams 
in  one  liter.  But  few  experiments  were  made,  the  results  ob- 
tained being  similar  to  those  with  sodium  molybdate.  Precipi- 
tation in  a  water  solution  alone  was  very  incomplete,  the  precip- 
itate persistently  running  through  the  filter,  so  that  no  definite 
results  could  be  obtained  in  this  way.  When  alcohol  was  used 
better  results  were  obtained,  the  filtrate  coming  through  clear. 

Experiment  /.—Ten  cc.  sodium  tungstate  solution  were  dilu- 
ted to  100  cc.  with  distilled  water,  and  twenty-five  cc.  of  ninety- 
five  per  cent,  alcohol  added.  The  whole  was  brought  to  boiling 
when  twenty-five  cc.  cerium  sulphate  solution  were  added.  A 
dense,  flocculent  yellow-white  precipitate  came  down  at  once, 
subsiding  rapidly ;  it  was  filtered  and  washed  with  twenty -five 
per  cent,  alcohol. 

Wt.  obtained.  Calculated.  Difference. 

0.3266  gram.  0.3144  0.0122 

Experiment  2. — Ten  cc.  of  sodium  tungstate  solution  were  dilu- 
ted with  distilled  water  to  100  cc.  and  twenty-five  cc.  of  ninety- 
five  per  cent,  alcohol  added,  followed  by  twenty-five  cc.  of  cerium 
sulphate  solution  in  the  cold.  A  bluish  white  precipitate  formed, 
which  on  standing  acquired  a  yellow  tint.  This  was  filtered  cold 
and  washed  with  twenty-five  per  cent,  alcohol. 

wt.  obtained.  Calculated.  '  Difference. 

0.3125  gram.  0.3144  —0.0019 

Experiment^. — Ten  cc.  of  sodium  tungstate  solution  were  dilu- 
ted to  100  cc.  and  twenty-five  cc.  of  ninety-five  per  cent,  alcohol 
added.  The  whole  was  brought  to  boiling  and  twenty-five  cc. 
cerium  sulphate  added.  The  precipitate  was  washed  with  hot 
twenty-five  per  cent,  alcohol. 

wt.  obtained.  Calculated.  Difference. 

0.3322  gram.  0.3144  0.0178 

The  precipitate  from  all  three  solutions  contained  cerium  sul- 
phate, and  the  filtrates  all  showed  traces  of  tungsten. 

The  next  salts  taken  up  were  the  two  very  rare  ones,  neodym- 
ium  chloride  and  praseodymium  chloride.  For  the  material 
used  I  am  indebted  to  the  courtesy  of  Professor  Waldron  Shap- 
leigh,  of  the  Welsbach  Light  Company,  Gloucester,  N.  J.  The 
material  given  me  consisted  of  the  oxides  prepared  from  the 
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oxalates  by  ignition.  These  oxides  are  considered  by  v.  Wels- 
bach'  to  be  the  peroxides,  and  the  formulas  Nd^O,and  Pr^O,have 
been  assigned  to  them. 

Nd^O,  is  a  light  brown  powder,  while  Pr^O^  is  dark  brown, 
almost  black.  Both  dissolve  readily  in  hydrochloric  acid  with 
evolution  of  chlorine,  and  form  sesquichlorides.  Neodymium 
chloride,  Nd,Cl„  forms  a  rose  colored  solution  while  the  corres- 
ponding praseodymium  salt  is  pale  green  in  color.  The  solu- 
tions used  were  prepared  by  evaporating  the  chlorides  prepared 
from  the  oxides  to  dryness,  taking  up  with  water  and  again 
evaporating  until  all  the  hydrochloric  acid  was  expelled.  The 
residue  was  dissolved  in  water  and  filtered  off  from  a  little 
insoluble  material  which  was  probably  a  basic  salt.  About  half 
a  gram  of  the  oxide  was  taken,  and  from  it  100  cc.  of  the  chlo- 
ride solution  was  prepared. 

The  tungstates  obtained  from  these  salts  by  precipitation  with 
sodium  tungstate  were  gelatinous,  and  very  difficult  to  filter  and 
wash,  showing  a  strong  tendency  to  pass  through  the  pores  of 
the  filter-paper. 

For  this  reason  a  double  filter  was  always  used,  and  even 
with  this  precaution  it  was  necessary  to  use  as  little  pressure  as 
possible  with  the  filter-pump,  and  yet  secure  filtration.  Even 
with  the  filter-pump  the  washing  was  very  slow,  and  generally 
consumed  a  day  at  least,  sometimes  longer,  although  the  quan- 
tities of  material  used  were  very  small.  The  best  results  were 
obtained  by  washing  first  by  decantation,  and  then  on  the  filter. 

The  molybdates  are  gelatinous  when  first  precipitated,  but  on 
heating  they  gradually  become  granular,  and  are  then  easily 
filtered  and  washed.' 

The  neodymium  tungstate  has  a  very  pale  rose  tint  before 
ignition,  which  changes  to  a  lavender  color  after  ignition.  The 
praseodymium  tungstate  has  a  decided  greenish  yellow  tint  both 
before  and  after  ignition.  The  colors  of  the  molybdates  were 
similar  to  those  of  the  tungstates,  but  deeper  in  tint. 

The  tendency  of  the  precipitates  to  adhere  to  the  sides  of  the 
beaker  was  a  serious  source  of  error  at  first ;  particularly  after 
boiling,  when  it  seemed  impossible  to  remove  them  entirely.  If 
not  heated  above  70"*  C.  a  piece  of  moist  filter  will  remove  the 

1  Iv  ten.  Monatsh^t^  6, 477,  tSSs. 
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adherent  precipitate  better  than   anything ;  in   most  cases  it 
removes  it  perfectly,  while  a  rubber  is  useless. 

The  ignitions  were  all  made  with  free  access  of  air,  arid  were 
continued  for  at  least  two  hours.  Apparently  no  reduction  of 
the  molybdic  acid  takes  place,  as  a  second  ignition  after  moist- 
ening with  ammonium  nitrate  or  with  nitric  acid,  causes  no 
change  in  the  weight. 

The  solubilities  were  determined  by  the  Victor  Meyer  method.' 
It  will  be  noticed  that  with  the  praseodymium  salts  the  solu- 
bility increases  with  a  rise  in  temperature,  the  increase  being 
more  marked  with  the  tungstate  than  with  the  molybdate. 

With  neodymium  tungstate  the  solubility  decreases  as  the 
temperature  rises,  while  with  the  molybdate  it  increases  under  the 
same  conditions.  Slight  though  the  solubility  is,  it  is  sufficiently 
great  to  cause  decided  error  in  the  results  when  such  small 
quantities  are  taken  as  were  used  in  the  experiments  here 
recorded. 

It  was  found  very  difficult  at  first,  when  analyzing  the  salts,  to 
obtain  a  constant  weight  for  the  oxides,  the  results  being  all 
higher  than  theory  required.  The  method  finally  adopted 
proved  very  satisfactory.  The  precipitated  oxalate  was  strongly 
ignited  together  with  the  filter-paper,  in  a  covered  platinum 
crucible,  for  half  an  hour,  cooled,  and  moistened  with  saturated 
solution  of  oxalic  acid,  then  ignited  again  in  the  covered  crucible. 

The  excess  of  weight  in  the  earlier  analyses  being  greater 
than  was  called  for  by  oxidation  to  the  peroxides,  Nd^O,  and 
Pr^O,,  the  following  experiments  were  made  to  determine  how 
much  oxygen  would  be  taken  up  by  the  oxides  after  they  had 
been  reduced  to  the  sesquioxides.  In  the  analyses  of  neodym- 
ium molybdate,  the  theoretical  amount  required  for  the  quan-  * 
tity  taken  was  0.0865  gram ;  the  amount  obtained  was  0.0863 
gram.  This  was  heated  in  a  platinum  crucible  with  a  Bunsen 
burner,  the  flame  being  applied  at  the  back  of  the  crucible, 
while  the  oxide  was  drawn  forward  to  prevent  any  action  of 
reducing  gases,  as  far  as  possible.  The  cover  of  the  crucible 
was  bent  and  placed  so  as  to  cause  a  current  of  air  to  pass  over 
the  oxide. 

1  Ber.  d,  chem.  Ges.,  8, 998,  /87s. 
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From  time  to  time  the  crucible  was  cooled  and  weighed.  The 
following  table  shows  the  gain  in  weight  observed  and  the  length 
of  time  for  which  the  heat  had  been  applied.  It  is  assumed  that 
the  weight  first  taken  represents  the  sesquioxide,  and  the  atomic 
mass  is  taken  as  140.5. 


Time  of  heating. 

Weight 

Gain. 

Oxide. 

0  hours. 

0.0863  gram.             0.0000 

NdjO,. 

4      " 

0.0888 

'*    '                0.0025 

Nd^O,. 

5      " 

0.0892 

•'                    0.0029 

7i    *' 

0.0906 

'*                    0.0043 

Nd,04? 

lol    " 

oto937      ' 

*                    0.0074 

16     " 

0.0958      • 

0.0095 

22     ** 

0.0997      ' 

'*                    0.0134 

Nd,0,? 

27i    -. 

0.1035      * 

'                    0.017a 

Nd.,07  ? 

30i   " 

0.1036      ' 

0.0173. 

The  oxide  on  first  heating  changed  to  light  brown,  the  color 
of  the  superoxide  prepared  by  the  Welsbach  Company ;  as  the 
heat  was  continued  it  grew  lighter  in  color,  until,  when  it  had 
attained  its  maximum  weight,  it  was  almost  pure  white. 

If  the  flame  be  placed  directly  under  the  oxide,  it  loses  weight 
and  gradually  passes  into  the  brown  **  superoxide, '*Nd^O,. 

A  similar  experiment  with  praseodymium  sesquioxide,  Pr,0„ 
gave  the  following  results  : 


Time  of  heating. 

Weight. 

Gain. 

Oxide. 

0  hours. 

0.0668  gram. 

0.0000 

Pr^Os- 

4      •* 

0.0706      ** 

0.0038 

Pr,04? 

6      ** 

0.0722      ** 

0.0054 

8      *• 

0.0730     ** 

0.0062 

Pr,05? 

II      ** 

0.0745      '* 

0.0077 

13      " 

0.0749     ** 

0.0081 

The  atomic  mass  of  praseodymium  is  taken  at  143.5.  ^^^ 
color  of  the  oxide  changed  in  the  same  way  as  that  of  neodym- 
ium,  passing  rapidly  into  the  black  peroxide  Pr^O,  of  Welsbach, 
then  slowly  changing  to  a  reddish  brown,  and  gradually  becom- 
ing quite  light  in  color.  Whether  it  would  be  possible  to 
increase  the  weight  still  more  by  heating  small  quantities  for  a 
long  period  of  time,  can  only  be  determined  by  experiment ;  but 
the  indications  point  to  the  existence  of  praseodymium  trioxide 
PrO„  as  the  increase  in  weight  obtained  is  greater  than  that 
required  for  Pr,Oj. 
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It  would  appear  that  the  oxide  Nd,0,  can  be  formed, 
improbable  as  it  may  seem,  and  that  it  is  comparatively  stable. 

If  it  is  really  Nd^O^ ,  neodymium  is  properly  classed  with  man- 
ganese in  the  seventh  group.  It  would  be  interesting  to  know 
if  by  reduction  the  monoxide  NdO  could  also  be  formed. 

SODIUM  TUNGSTATE  AND  PRASEODYMIUM  CHLORIDE. 

The  solution  of  sodium  tungstate  contained  five  grams  in  one 
liter. 

Experiment  /. — Ten  cc.  of  the  sodium  tungstate  solution  were 
diluted  to  loo  cc.  with  distilled  water,  and  twenty-five  cc.  of 
ninety-five  per  cent,  alcohol  were  added,  followed  by  five  cc.  of 
praseodymium  chloride  solution  in  the  cold.  A  precipitate 
formed  at  once,  and  the  whole  was  boiled  for  an  hour.  It 
was  then  filtered,  washed  with  hot  water  containing  twenty-five 
per  cent,  of  alcohol,  ignited,  and  weighed. 

Wt.  obtained.  Calculated.  Difference. 

0.0579  gram.  0.0586  — 0.0007 

Experiment  2.—^en  cc.  of  the  sodium  tungstate  solution  were 
diluted  to  100  cc.  with  distilled  water,  and  twenty-five  cc.  of 
alcohol  added.  The  whole  was  brought  to  boiling,  and  five  cc. 
of  the  praseodymium .  chloride  solution  added,  after  which  the 
boiling  was  continued  for  an  hour.  The  precipitate  was  then 
filtered  off,  and  washed  with  cold  water  containing  twenty  per 
cent,  of  alcohol.  The  filtrate  showed  a  slight  opalescence, 
which  was  not  removed  by  refiltering. 

wt  obtained.  Calculated.  Difference. 

0.0540  gram.  0.0586  —0.0046 

Experiment  J, — Twenty  cc.  of  the  sodium  tungstate  solution 
were  diluted  with  seventy-five  cc.  of  distilled  water,  and  five  cc. 
of  the  praseodymium  chloride  added.  The  whole  was  then 
boiled  for  an  hour,  allowed  to  cool,  and  filtered  cold,  the  wash- 
ing being  done  with  cold  water. 

wt.  obtained.  Calculated.  Difference. 

0.1091  g^ram.  0.1 172  —0.0081 

Experiment  4. — Twenty  cc.  of  sodium  tungstate  solution  were 
diluted  to  100  cc.  with  distilled  water,  and  five  cc.  of  the  praseo- 
dymium chloride  solution  added.     The  whole  was  allowed  to 
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stand  for  twelve  hours,  then  brought  to  boiling,  filtered  hot,  and 
washed  with  boiling  water. 

Wt.  obtained.  Calculated.  Difference. 

0.1 136  gram.  0.1172  —0.0036 

The  filtrate  was  boiled  for  an  hour  with  fifty  cc.  of  ninety-five 
per  cent,  alcohol,  but  no  additional  precipitate  was  obtained. 

Experiments  5  and  6, — Twenty  cc.  of  the  sodium  tungstate 
solution  were  diluted  to  100  cc.  with  distilled  water,  and  five  cc. 
of  the  praseodymium  chloride  solution  added,  followed  by  fifty 
cc.  of  ninety-five  per  cent,  alcohol.  The  whole  was  then  boiled, 
filtered  while  hot,  and  washed  with  hot  water  containing  thirty- 
five  per  cent,  of  alcohol. 

wt.  obtained.  Calculated.       Difference. 

Experiment^,  0.1200  gram.  0.1172  0.0028 

"  6,  0.1230     **  0.1 172  0.0058 

Experiments  7,  «?,  and  9. — ^Thirty  cc.  of  the  sodium  tungstate 
solution  were  diluted  to  seventy-five  cc.  with  distilled  water,  and 
six  cc.  of  the  praseodymium  chloride  added,  followed  by  twenty- 
five  cc.  of  ninety-five  per  cent,  alcohol.  The  whole  was  heated 
to  60°  C.  for  half  an  hour,  filtered  while  hot,  and  the  precipitate 
washed  with  hot  water  containing  twenty-five  percent,  of  alcohol. 

wt.  obtained.  Calculated.        Difference. 

Experiment  y,  0.1733  gram.  0.1758  —0.0025 

"  8,  0.1730    "  0.1758  — 0.0028 

**  p.  0.1724    **  0.1758  — 0.0034 

The  precipitates  after  ignition  showed  traces  of  the  blackish- 
brown  praseodymium  peroxide  Pr^O,.  The  filtrate  was  tested 
with  hydrogen  sulphide,  but  gave  no  reaction  for  tungsten. 

Experiments  10^  11,  /2,  zj,  and  14, — Thirty  cc.  of  the  sodium 
tungstate  solution  were  diluted  to  seventy-five  cc.  with  distilled 
water,  sixcc.  of  the  praseodymium  chloride  solution,  and  twenty- 
five  cc.  of  alcohol  added,  and  the  whole  heated  for  two  hours  at 
a  temperature  of  60°  C.  The  precipitate  was  filtered  off  while 
the  solution  was  hot,  and  was  washed  with  150  cc.  hot  water, 
containing  twenty-five  per  cent,  of  alcohol. 

wt.  obtained. 

Experiment  10,  o.  17 1 5  gram. 

**       *    //.  0.1712      ** 

"  12,  0.1713      ** 

"  /J.  0.1712      ** 

"  14'  01713      " 


ilculated. 

Difference. 

0.1758 

—0.0043 

0.1758 

—0.0046 

0.1758 

—0.0045 

0.1758 

—0.0046 

0.1758 

—0.0045 
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The  ignited  precipitates  appeared  to  be  homogeneous,  no 
traces  of  Pr^O,  showing. 

The  filtrates  were  all  tested  for  tungsten  with  hydrogen 
sulphide,  but  no  tungsten  trisulphide  was  obtained.  This  test 
is  not  of  much  value,  however,  when  alcohol  is  present,  as  that 
will  prevent  the  precipitation  of  tungsten  as  sulphide  to  a  great 
extent,  so  that  small  quantities  will  escape  detection,  unless  the 
alcohol  is  removed  by  evaporation  before  the  hydrogen  sulphide 
is  used.  The  precipitaton  of  molybdenum  does  not  seem  to  be 
hinde'red  under  the  same  conditions,  the  hydrogen  sulphide 
bringing  down  minute  traces  in  a  solution  containing  thirty-three 
per  cent,  of  alcohol. 

As  the  error  is  constant,  and  the  condition  of  precipitation  the 
same  for  all  the  numbers  of  this  series  of  experiments,  it  is  prob- 
ably due  to  the  solubility  of  praseodymium  tungstate  in  water 
containing  alcohol. 

ANALYSIS  OF   PRASEODYMIUM   TUNGSTATE. 

One-tenth  of  a  gram  of  the  salt  was  fused  with  three  grams  of 
equal  parts  of  sodium  carbonate  and  sulphur.  The  fused  mass 
was  taken  up  with  water,  the  gray-g^een  insoluble  residue  fil- 
tered off,  and  washed  with  cold  water ;  the  filtrate  was  acidified 
with  hydrochloric  acid,  the  precipitated  tungsten  trisulphide  fil- 
tered off  on  a  tared  filter,  and  dried  in  the  air-bath  at  ioo°  C. 
until  a  constant  weight  was  obtained. 

When  allowance  is  made  for  the  molybdic  acid  present  in 
sodium  tungstate  the  amount  of  sulphide  obtained  must  be  lower 
than  that  called  for  by  theory  for  pure  praseodymium  tungstate. 
The  praseodymium  oxide  should  be  slightly  higher  in  amount. 

To  estimate  the  oxide  the  insoluble  residue  from  the  fusion 
was  dissolved  in  hydrochloric  acid,  precipitated  with  oxalic  acid 
and  ammonium  hydroxide,  and  ignited  in  a  covered  crucible 
as  already  described. 

Wt.  obtained.  Calculated.  Theoretical. 

PfjOs  0.0334  gram.  0.0331  0.0325 

WS3  0.0806     •*  0.0808  0.0814 

These  results  leave  no  doubt  but  that  the  cons'titution  of  this 
salt  is  correctly  represented  by  the  formula  Pr,(WOJ,. 

To  determine  the  solubility  of  the  salt,  praseodymium  chloride 
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was  precipitated  by  sodium  tungstate  in  aqueous  solution ;  the 
precipitate  with  the  solution  was  heated  to  60*^  C.  for  two  hours 
before  filtering,  and  was  washed  with  hot  water  until  silver  nitrate 
showed  no  trace  of  chlorine.  The  precipitate  was  dried  in  the 
air  for  a  week,  and  then  finely  powdered.  Portions  of  the  salt 
were  mixed  with  distilled  Water  at  different  temperatures,  about 
eighty  cc.  of  water  being  taken  for  each  portion,  and  then  allowed 
to  stand  for  two  hours,  the  temperature  being  kept  constant  and 
the  liquid  frequently  stirred.  At  the  end  of  two  hours  they  were 
filtered  into  weighed  porcelain  crucibles,  evaporated  to  dryness, 
ignited,  and  weighed. 

The  results  obtained  are  given  below : 

Temperature.  Wt.  of  solution.  Prj(W04)3.  Solubility. 

20°  C.  39.3817  gr^ms.  0.0000  0:00000 

20^  C.  44.6541       "  0.0000  0:00000 

75^  C.  44.2312       **  0.0019  1:23300 

75°  C.  40.1484      **  0.0018  1:22300 

SODIUM    MOI<YBDATE   AND   PRASEODYMIUM   CHI^ORIDE. 

The  solution  of  sodium  molybdate  used  contained  8.51  grams 
in  one  liter. 

Experiments  1-6. — Twenty  cc.  of  the  sodium  molybdate  solu- 
tion were  diluted  to  seventy  cc.  with  distilled  water,  then  twelve 
cc.  praseodymium  chloride  solution  were  'added,  followed  by 
twenty-five  cc.  of  alcohol.  The  whole  was  heated  for  two  hours 
at  a  temperature  of  65°  C.  The  precipitate  was  then  filtered  off 
and  washed  with  150  cc.  of  hot  water  containing  twenty-five  per 
cent,  of  alcohol,  ignited,  and  weighied. 


wt  obtaiued. 

Calculated. 

Difference. 

Experimeni 

'/. 

0.2093  gram. 

0.2I0I 

— 0.0008 

2, 

0.2094 

0.2I0I 

— 0.0007 

3- 

0.2096 

0.2I0I 

— 0.0005 

4- 

0.2084 

0.2I0I 

— 0.0017 

5- 

0.2084 

0.2I0I 

— 0.0017 

6. 

0.2080 

0.2I0I 

— 0.0021 

The  precipitates  numbered  1,2,  and  3,  all  showed  traces  of 
praseodymium  oxide  Pr^O, ;  the  others  seemed  to  be  homoge- 
neous. 

The  filtrates  were  all  tested  for  molybdenum,  with  zinc,  hydro- 
chloric acid  and  potassium  thiocyanate,  but  none  was  found. 
Alcohol  does  not  interfere  with  the  delicacy  of  this  test. 


I 


530  FANNY  R.  M.  HITCHCOCK.      THE  TUNGSTATES 

The  ignited  salt  was  analyzed,  the  molybdic  acid  being  deter- 
mined by  the  Pechard  method,  while  the  praseodymium  oxide 
was  determined  in  the  residue,  after  the  molybdic  acid  was 
expelled,  by  the  same  method  as  had  been  pursued  with  the 
tungstatCv 

Wt.  obtained.  Calculated. 

WO,  o.ii35gram.  0.1127 

Pr,0,  0.0874    **  0.0873 

The  amount  taken  for  analysis  was  two-tenths  of  a  gram,  and 
the  resuts  show  the  correct  formula  to  be  Pr,(MoO  J,  correspond- 
ing to  that  found  for  the  tungstate. 

The  solubility  of  praseodymium  molybdate  was  determined 
with  the  following  results : 

Temperature.  Wt.  of  solution.  Prs(Mo04)s.  Solubility. 

23°  C.  71.4000  grams.  o.ooii  1:65820 

75^  C.  69.8000      **  o.ooio  1:69800 

PRECIPITATION  OP  TUNGSTIC  ACID  WITH  NEODYMIUM  CHLORIDE. 

The  solution  of  sodium  tungstate  used  contained  five  grams  in 
one  liter. 

Experiments  i  and  2. — ^Twenty  cc.  of  the  sodium  tungstate 
were  diluted  to  100  cc.  with  distilled  water  and  five  cc.  of  the 
neodymium  chloride  added,  followed  by  twenty-five  cc.  of  ninety- 
five  per  cent,  alcohol.  The  whole  was  brought  to  boiling,  fil- 
tered while  hot,  and  the  precipitate  washed  with  hot  water  con- 
taining twenty-five  per  cent,  of  alcohol. 

The  filtrates  were  opalescent,  and  repeated  filtrations  failed  to 
render  them  clear.  The  precipitates,  after  ignition,  appeared  to 
be  homogeneous. 

wt  obtained.  Calculated.  Difference-. 

Experiment  /.      o.  1 1 1 7  gram  o.  1 167  — 0.0050 

**  2,      0.1126     **  0.1 167  —0.0041 

Experiments  j  and  4, — Ten  cc.  of  the  sodium  tungstate  solu- 
tion diluted  to  fifty  cc.  with  distilled  water,  and  three  and  one- 
half  cc.  of  neodymium  chloride  solution  added  were  heated  to 
boiling,  filtered  while  hot,  and  the  precipitate  washed  with  hot 
water. 

wt  obtained.  Calculated.  Difference. 

Experiment  3,      0.0595  gram.  0.0583  0.0012 

**  4,      0.0573      "  0.0583  —0.0010 
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Experiments  ^"16, — ^These  experiments  were  duplicates  of  3 
and  4,  excepting  that  the  solutions  were  heated  to  80^  C.  instead 
of  to  boiling.  No  alcohol  was  added,  and  the  precipitates  were 
washed  with  hot  water.  The  precipitates  showed  traces  of  the 
brown  peroxide,  Nd^O^. 


Wt.  obtained. 

Calculated. 

Difference. 

Experiment  s. 

o«0575  gram. 

0.0583 

—0.0008 

6, 

0.0575 

0.0583 

—0.0008 

7- 

0.0593 

0.0583 

+0.0001 

8, 

0.0600 

O.058J 

0.0017 

9- 

0.0585 

0.0583 

0.0002 

10, 

0.0586 

0.0583 

0.0003 

II, 

0.0590 

0.0583 

0.0007 

12, 

0.0585 

0.0583 

0.0002 

/J. 

0.0585 

0.0583 

0.0002 

14, 

0.0581 

0.0583 

—0.0002 

'5- 

0.0584 

0.0583 

O.OOOI 

16, 

0.0597 

0.0583 

0.0014 

Experiments  fj  and  18. — Thirty  cc.  of  the  sodium  tungstate  solu- 
tion were  diluted  to  seventy  cc.  with  distilled  water  and  six  cc. 
of  the  neodymium  chloride  solution  added,  followed  by  twenty- 
five  cc.  of  alcohol.  The  whole  was  heated  to  70**  C,  filtered 
while  hot,  and  the  precipitate  washed  with  hot  water  containing 
twenty-five  per  cent,  of  alcohol. 

wt.  obtained.  Calculated.  Difference. 

Experiment  //.     o.  1 724  gram .  o.  1 749  — 0.0025 

**  18,     0.1745    **  0.1749  —0.0004 

No.  18  showed  slight  traces  of  the  peroxide  Nd^O,. 

Experiments  ig-2i, — These  were  prepared  like  the  preceding 
solutions  Nos.  17  and  18,  but  were  heated  to  60^  C.  instead  of  70"*. 

The  filtrates  showed  no  trace  of  molybdenum  when  tested  with 
zinc,  hydrochloric  acid,  and  potassium  thiocyanate. 

wt  obtained.  Calculated.  Difference. 

Experiment  ig,    0.1731  gram.  0.1749  — 0.0018 

"          20,  ^  0.1727    **  0.1749  — 0.0022 

**          21,    0.1728    **  0.1749  — 0.0021 

A  comparison  of  these  results  shows  that  the  precipitation  of 
tungstic  acid  by  neodymium  chloride  is  practically  quantitative. 
Analyses  of  the  salt  made  in  the  same  manner  as  for  praseodym- 
ium tungstate  agreed  closely  with  the  theoretical  requirements 
as  regarded  the  neodymium  oxide.     The  tungstic  acid  was  inva- 
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riably  too  low,  and  the  different  results  were  too  discordant ;  the 
tungstic  acid,  therefor^  was  determined  by  difference;  the  weight 
of  neodymium  oxide  found  was  0.0651  gram,  the  amount  required 
by  theory  being  0.0652  gram.  From  this  was  deduced  the  for- 
mula Nd,(  WO  J,  forthe  salt,  which  corresponds  to  the  praseodym- 
ium tungstate. 

The  sqlubilities,  determined  as  for  the  praseodymium  salts, 
and  under  similar  conditions  were  as  follows: 

Temperature.  Wt.  of  solution'.  Nds(W04)3.  Solubility. 

22^0.  42. 1032  grams.  0.0008  1:52630 

65°  C.  41.7117       "  0.0007  1:59580 

98^ C.  39.6286      **  *    0.0006  1:66040 

SODIUM   MOI.YBDATE  AND   NEODYMIUM   CHLORIDE. 

The  solution  of  sodium molybdate  used  contained  5. 1080  grams 
in  one  liter. 

Experiments  7-5. — Twenty  cc.  of  the  sodium  molybdate  solu- 
tion were  diluted  to  seventy  cc.  with  distilled  water;  seven  cc.  of 
the  neodymium  chloride  solution  were  added,  followed  by  twenty- 
five  cc.  of  ninety-five  per  cent,  alcohol.  The  whole  was  then 
heated  to  65°  C.  for  two  hours,  filtered  hot,  and  the  precipitate 
washed  with  150  cc.  of  hot  water  containing  twenty-five  per  cent, 
of  alcohol. 

The  ignited  precipitates  showed  no  trace  of  the  brown  oxide 
Nd^O^,  and  the  filtrates,  when  tested,  gaveno  reaction  for  molyb- 
denum. 


wt.  obtained. 

Calculated. 

I>i£ference. 

Expertmeni 

'/. 

0.1260  gram. 

0.1256 

0.0004 

(( 

-?. 

0.1259     " 

0.1256 

0.0003 

i( 

J- 

0.1260    ** 

0.1256 

0.0004 

it 

4- 

0.1259     ** 

0.1256 

0.0003 

(( 

5- 

0.1258     ** 

0.1256 

0.0002 

An  analysis  of  two-tenths  of  a  gram  of  the  salt  made  in  the 
same  way  as  the  analysis  of  praseodymium  molybdate  gave  the 
following  results : 

wt.  obtained.  Calculated.  Difference. 

NdjOj  0.0863  gram.  0.0865  —0.0002 

MoOs  0.1 134     '*  0-II35  — o.oooi 

From  these  results  the  formula  Nd.^(MoOj,  is  deduced  for 
neodymium  molybdate. 
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The  solubility  determinations  gave  the  following  results  : 

Temperature.  Wt.  of  solution.  Nds(Mo04)a.  Solubility. 

28°  C.  69.9311  grams.  o,cxji3  i«53790 

75°  C.  71*4279    **  0.0022  1:32466 

A  comparison  of  the  results  obtained  shows  that  the  precipi- 
tation of  both  tungstic  and  molybdic  acids  by  neodymium  salts 
is  quantitative. 

SODIUM   TUNGSTATE  AND   I.ANTHANUM   CHLORIDE. 

The  solution  of  sodium  tungstate  contained  five  grams  in  a 
liter. 

Experiments  i  and  2. — Twenty  cc.  of  sodium  tungstate  solution 
were  diluted  to  seventy  cc.  with  distilled  water,  and  seven  cc.  of 
lanthanum  chloride  solution  added,  followed  by  twenty-five  cc. 
of  alcohol.  The  whole  was  heated  for  two  hours  at  a  tempera- 
ture of  60**.  C,  after  which  the  precipitate  was  filtered  off  and 
washed  with  150  cc.  of  hot  water  containing  twenty-five  per  cent, 
of  alcohol.  The  filtrate  was  clear  and  gave  no  reaction  for  tung- 
sten with  hydrogen  sulphide.  The  ignited  precipitates  appeared 
to  be  homogeneous. 

wt.  obtained.  Calculated.  Difference. 

Experiment  /.      o.  1 143  gram .  o.  1 160  — o.ooi 7 

**  2,      0.1 143     "  0.1160  — 0.0017 

The  tungstate  before  ignition  was  of  a  delicate  blue,  almost 
white,  and  after  ignition  the  color  deepened  slightly.  The  color 
of  the  molybdate  was  almost  the  same  as  that  of  the  tungstate. 

ANALYSIS  OF   LANTHANUM   TUNGSTATE. 

The  first  analysis  was  made  by  fusing  with  sodium  carbonate 
and  sulphur,  then  taking  up  in  water,  and  filtering  off  the  sodium 
sulphotungstate  formed,  from  the  insoluble  lanthanum  oxide; 
then  decomposing  the  filtrate  with  hydrochloric  acid  and  estima- 
ting the  tungsten  from  the  tungsten  trisulphide  found. 

The  results  obtained  were  very  satisfactory  so  far  as  the  lan- 
thanum oxide  was  concerned,  but  no  good  results  were  obtained 
for  the  tungstic  acid. 

The  amount  of  the  salt  taken  for  analysis  was  one-tenth  of  a 
gram. 

LajOj 
WS, 


wt.  obtained. 

Calculated. 

0.0326  gram. 

0.0321 

0.0606     " 

0.0822 
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The  same  diflBculty  was  encountered  here  that  was  met  with 
in  the  analysis  of  neodymium  tungstate,  and  the  cause  was  not 
apparent.  A  second  analysis  by  a  different  method  was  made, 
the  same  amount  of  material  being  taken.  The  lanthanum  tung- 
state  was  decomposed  with  aqua  regia,  evaporated  to  dryness 
with  hydrochloric  acid  three  times,  and  the  separated  tungsten 
trioxide  filtered  off  and  dissolved  in  ammonium  hydroxide ;  the  fil- 
trate was  rendered  ammoniacal,  the  solution  of  the  tungstic  acid 
added  to  it,  and  hydrogen  sulphide  passed  through  it  until  the 
liquid  was  deep  yellow  in  color.  The  liquid  was  acidified  with 
hydrochloric  acid,  and  before  neutralization  was  complete  the 
color  changed  to  a  bright  green,  becoming  red  when  com- 
pletely acidified.  On  rendering  it  ammoniacal  again,  the  green 
color  reappeared. 

Hydrogen  sulphide  was  passed  through  the  solution  again  for 
an  hour,  hydrochloric  acid  added,  and  the  solution  warmed;  it 
gradually  became  colorless,  and  a  light  brown  precipitate  of 
tungsten  trisulphide  settled  down. 

This  was  treated  in  the  usual  manner  and  dried  at  lOo'  to  con- 
stant weight. 

Wt.  obtained.  Calculated. 

WSs  0.0640  gram.  0.0822 

The  filtrate  was  boiled  until  all  the  hydrogen  sulphide  was 
expelled,  a  few  drops  of  nitric  acid  added,  and  then  ammonium 
hydroxide  ;  the  precipitate  of  lanthanun^  hydroxide  was  evidently 
not  pure,  being  yellow  in  color  instead  of  white ;  it  was  filtered  off, 
ignited,  dissolved  in  aqua  regia,  evaporated  to  dryness,  taken  up 
with  a  little  hydrochloric  acid,  followed  by  ammonia,  and  the 
treatment  with  hydrogen  sulphide  repeated.  The  yellow  ammo- 
niacal solution  passed  through  the  same  color  changes  as  before, 
when  acidified.  On  heating,  a  dark  red-brown  precipitate  formed 
which  was  filtered  off,  and  washed  with  dilute  hydrochloric  acid, 
and  then  with  alcohol.  A  great  part  of  the  precipitate  dissolved 
in  the  alcohol  to  a  dark  red  solution,  the  precipitate  left  on  the 
filter-paper  turning  brown.  This  precipitate  was  ignited  in  a 
weighed  porcelain  crucible  and  evaporated  with  concentrated 
nitric  acid  until  a  constant  weight  was  obtained.  It  had  the 
appearance  of  tungstic  acid. 

Wt.  obtained  =0.0073  gram. 
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The  alcoholic  filtrate  was  evaporated  to  dryness  in  a  weighed 
porcelain  crucible,  and  treated  repeatedly  with  fuming  nitric  acid 
to  oxidize  any  sulphur  that  might  be  present  to  sulphuric  acid, 
which  was  removed  by  repeated  evaporation  with  ammonium 
hydroxide.  The  substance  remaining  in  the  porcelain  crucible  had 
the  appearance  of  molybdic  acid.  It  was  pale  j'^ellow  in  color, 
was  readily  soluble  in  ammonium  hydroxide,  and  also  dissolved  in 
aqua  regia  to  a  bright  yellow  solution,  separating  out  as  a  bright 
yellow  powder  on  concentrating  the  solution.  The  yellow  pow- 
der, when  ignited,  turned  brown,  but  regained  its  color  on  cool- 
ing, finally,  however,  becoming  lemon-yellow.  When  moistened 
with  hydrochloric  acid  and  heated,  no  blue  color  appeared.  A 
faint  orange-red  solution  was  obtained  by  treatment  with  zinc, 
hydrochloric  acid,  and  potassium  thiocyanate.  Heated  on 
platinum  foil  with  concentrated  sulphuric  •acid  no  blue  color  was 
produced.  The  phosphorus  bead  was  colorless,  even  after  treat- 
ing with  tin  on  charcoal. 

The  weight  obtained  was  0.0076  gram.  The  second  analysis 
gives  the  following  results : 

Wt.  obtained.  Calculated. 

La^Oj).                      0.0326  0.0321 

W03.                         0.0613  0.0679 

0.0076 

This  corresponds  to  the  fomtula  Lag  (WOJ,  for  lanthanum 
tungstate.  The  same  salt  was  prepared  by  W.  French  Smith' 
by  the  precipitation  of  sodium  tungstate  with  lanthanum  salts. 

The  solubility  of  lanthanum  tungstate  in  water  was  deter- 
mined by  the  Victor  Meyer  method,  the  salt  being  prepared  in 
the  same  way  as  the  praseodymium  tungstate. 

Temperature.  Wt.  of  solution.  I<a3(W04)s.  Solubility. 

27°  C.  60.5580  grams.  0.0007  1:86510 

65°  C.  .42.4678      "  *        o.ooio  1:42467 

SODIUM  MOI.YBDATE  AND  LANTHANUM  CHLORIDE. 

The  solution  of  sodium  molybdate  used  contained  8.51  grams 
in  one  liter. 

Experiments  /-j. — Twenty  cc.  sodium  molybdate  solution  were 
diluted  to  seventy  cc.  with  distilled  water,  seven  cc.  of  lantha- 

1 "  Ueber  Didymium  and  Lanthanum."  Inaugural  Dissertation  by  W.  French 
Smith.    Gottingen,  1876. 
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num  chloride  solution  added,  followed  by  twenty-five   cc.    of 
ninety-five  per  cent,  alcohol. 

The  precipitate,  at  first  gelatinous,  gradually  became  granu- 
lar, and  was  filtered  off,  washed  with  150  cc.  hot  water  contain- 
ing twenty-five  per  cent,  of  alcohol,  ignited,  and  weighed. 

Wt.  obtained.  Calculated.         Difference. 

Experiment  i.  0.2063  gram.  0.2083  — 0.0020 

2,  0.2061      **  0.2083  — 0.0022 

J.  0.2063      "  0.2083  — 0.0020 

The  filtrates  were  clear  and  gave  no  reaction  for  molybdenum 
when  treated  with  potassium  thiocyanate  in  the  presence  of 
zinc  and  hydrochloric  acid. 

The  solubility  of  the  salt  obtained  was  determined  under  the 
following  conditions : 

Temperature.         Wt.  of  solution.  Iva.j(Mo04)}.        Solubility. 

25°  C.  72.5500  grams.  0.0013  1:55800 

85°  C.  69.3474      ••  0.0023  1:30150 

ANALYSIS  OF  LANTHANUM  MOLYBDATE. 

The  analysis  was  made  in  the  same  manner  as  with  the  other 
molybdates,  the  salt  being  decomposed  in  a  current  of  dry 
hydrogen  chloride  gas.  The  molybdic  acid  was  driven  off  very 
readily  at  first,  but  toward  the  close  of  the  operation  the  full 
heat  of  the  Bunsen  burner  was  required.  Two-tenths  of  a  gram 
of  the  salt  were  taken  for  analysis,  and  results  were  as  follows: 

wt.  obtained.  Calculated. 

La^Oj  0.0853  0.0856 

M0O3  O.I  145  0.1 144 

From  these  results  the  formula  Laa(MoOJ,  maybe  calculated 
for  lanthanum  molybdate. 

Tests  were  now  made  with  thorium  chloride,  potassium  zirco- 
nium fluoride,  and  zirconium  fluoride. 

With  thorium  chloride  no*  definite  results  could  be  obtained 
from  either  sodium  molybdate  or  sodium  tungstate  ;  precipitates 
were  formed  with  both  salts  even  in  quite  dilute  solutions,  but 
they  were  slight  in  quantity,  and  ran  through  the  filter  in  spite 
of  every  attempt  to  prevent  it,  whether  filtered  hot  or  cold. 
Neither  alcohol  nor  ammonium  salts  made  any  difference  in  the 
behavior. 

With  the  potassium  zirconium  fluoride  no  precipitate  was 
obtained  with  either  the  sodium  tungstate  or  molybdate. 
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With  zirconium  fluoride  no  results  were  obtained,  the  solu- 
tions remaining  clear  after  standing  several  days. 

Beyond  these  qualitative  tests  no  work  was  done  with  the 
thorium  or  zirconium  salts  in  connection  with  tungsten  and 
molybdenum. 

SUMMARY. 

1 .  The  tungstates  and  molybdates  are  precipitated  quantita- 
tively by  nearly  all  the  rare  earths. 

2.  A  separation  of  tungstic  and  molybdic  acids  is  not  possible 
through  their  combinations  with  the  rare  earths. 

3.  The  non-precipitation  of  molybdic  acid  by  uranyl  solu- 
tions when  tungstates  are  absent,  and  the  almost  complete  pre- 
cipitation of  both  when  tungstic  acid  is  also  present  is  further 
evidence  of  the  fact  that  we  can  scarcely"  hope  to  effect  this  sepa- 
ration by  the  method  of  precipitation. 

4.  The  molybdates  and  tungstates  of  neodymium  and  praseo- 
dymium are  new,  and  their  constitution  is  correctly  represented  by 
the    formula    Nd,(MoO,)„     Nd,(WO,)„     and     Pr,(MoO,)3, 

Pr,(WOj3. 

5.  The  solubility  determinations  indicate  that  tungstates  and 

molybdates  of  the  rare  earths  must  be  classed  among  the  more 
difficultly  soluble  compounds. 

6.  Further  research  is  required  upon  the  methods  to  be  fol- 
lowed in  the  separation  of  tungstic  and  molj-bdic  acids  from  the 
oxides  of  the  rare  earths. 


A  NEW  TABLE  FOR  THE  QUALITATIVE  SEPARATION  OF 
THE  HETALS  OF  THE  IRON  GROUP. 

By  C.  L.  Hare. 

Received  April  15,  189s- 

IN  the  qualitative  separation  of  metals  of  the  iron  group  much 
trouble  has  been  experienced  with  the  methods  in  general 
use  for  the  separation  of  cobalt  and  nickel. 

The  methods  commonly  used  for  the  separation  of  iron,  alumi- 
nitm,  and  chromium  are  also  unsatisfactor>\ 

The  following  compilation  and  application  of  methods  recently 
worked  up  greatl}'  simplifies  and  shortens  the  process  for  the 
qualitative  separation  of  the  metals  of  this  group. 
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In  the  separation  of  chromium  from  iron  and  aluminum  advan- 
tage is  taken  of  the  well-known  action  of  hydrogen  peroxide  on 
chromium  compounds  in  presence  of  an  alkali,  the  insoluble 
chromium  compound  being  oxidized  to  soluble  chromic  acid. 
(Bauman  Ztschr,  anaL  chem,^  i8g2  and  others.) 

The  separation  of  nickel  and  cobalt,  after  the  removal  of  man- 
ganese and  zixic  by  hydrochloric  acid,  depends  upon  the  solu- 
bility of  nickel  sulphide  in  a  solution  of  sodium  sulphide,  the 
cobalt  sulphide  being  insoluble  in  this  reagent.  (Villiers, 
compt,  rend,,  119,  1263,  and  120,46.)  The  sulphides  of  the  two 
metals  are  dissolved  in  aqua  regia  and  the  greater  part  of  the  acid 
expelled.  The  solution  is  diluted  and  a  slight  excess  of  tartaric 
acid  is  added  to  prevent  precipitation  of  the  two  metals  by  sodium 
hydroxide,  which  is  next  added  in  great  excess.  Hydrogen 
sulphide  is  now  passed  through  the  hot  solution  till  no  further 
precipitation  occurs.  Cobalt  sulphide  is  precipitated  and  the 
nickel  sulphide  is  held  in  solution  by  the  sodium  sulphide. 
The  presence  of  a  trace  of  nickel  is  indicated  by  the  deep  brown 
or  black  color  which  it  imparts  to  the  solution.  The  nickel  sul- 
phide is  precipitated  from  this  solution  by  the  addition  of  dilute 
hydrochloric  acid. 

The  following  is  an  outline  of  the  treatment :  To  a  solution  of 
the  metals  of  the  iron  group  add  ammonium  chloride  and  ammo- 
nium hydroxide,  warm,  and  filter.  Boil  the  precipitated  iron, 
aluminum,  and  chromium  hydroxides  with  sodium  hydroxide, 
filter,  acidify  the  filtrate,  and  add  ammonium  hydroxide.  A 
white  precipitate  indicates  aluminum.  Boil  the  residue  of  iron 
and  chromium  hydroxides  with  sodium  hydroxide  and  a  few  cu- 
bic centimers  of  hydrogen  peroxide.  Filter ;  a  yellow  solution  in- 
dicates chromium.  Acidify  filtrate  with  acetic  acid  and  add  lead 
acetate.  A  yellow  precipitate  indicates  chromium.  Dissolve 
residue  of  iron  hydroxide  in  hydrochloric  acid  and  add  potas- 
sium ferrocyanide.     A  blue  precipitate  indicates  iron. 

To  the  filtrate  from  iron,  aluminum  and  chromium  hydroxides 
add  freshly  prepared  ammonium  sulphide,  heat,  and  filter. 
Wash  the  precipitate  with  cold  dilute  hydrochloric  acid  to  dis- 
solve manganese  and  zinc  and  treat  the  washings  as  usual  for 
these  two  metals.     Dissolve  the  residue  of  nickel  and  cobalt  sul- 
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phides,  left  after  washing  with  hydrochloric  acid,  in  aqua  regia, 
expel  nearly  all  the  acid,  dilute,  and  add  slight  excess  of  tartaric 
acid,  and  then  very  great  excess  of  sodium  hydroxide.  Boil 
and  pass  hydrogen  sulphide  through  till  no  further  precipitation 
occurs,  filter  immediately.  Test  the  precipitate  for  cobalt  by 
borax  bead.  The  presence  of  nickel  in  the  filtrate  is  indicated 
by  its  deep  brown  or  black  color.  If  nickel  be  absent  the  filtrate 
will  be  yellow  or  colorless. 

If  nickel  be  present  add  dilute  hydrochloric  acid  to  filtrate, 
filter,  and  test  the  precipitate  for  nickel  bj^  borax  bead. 

The  ammonium  sulphide  should  be  prepared  as  recently  as 
possible,  as  an  excess  of  sulphur  in  solution  causes  the  solution 
of  a  portion  of  the  nickel  sulphide. 


THE  PROTEIDS  OF  BARLEY.' 

By  Thomas  B.  Osborne. 

Received  April  a,  1895. 

THE  proteids  of  barley  have  received  little  attention  on  the 
part  of  chemists.  Mulder*  states  that  this  grain  contains 
six  per  cent,  of  albumin  and  plant-gelatin ;  the  latter  was  obtained 
by  extracting  barley- meal  with  hot  alcohol,  cooling  the  resulting 
solution  and  treating  the  deposited  substance  with  ether.  The 
composition  of  this  body  he  gave  as  follows  : 

I  3 

Carbon 54.93  54.75 

Hydrogen 7. 1 1  6.99 

Nitrogen 15.71  i5-7i 

Sulphur 0.57  0.62 

Oxygen 21.68  21.93 

100.00  100.00 

v.  Bibra'  names  albumin,  plant-gelatin,  and  casein  as  constit- 
uents of  barley  but  gives  no  particulars  concerning  these  bodies 
further  than  that  they  all  contain  on  the  average  15.5  to  15.6 per 
cent,  of  nitrogen. 

Kreusler  made  an  investigation  of  the  proteids  of  barley,  the 

1  Prom  the  Report  of  the  Connecticut  Agricultural  Experiment  Station  for  1894. 

aphys.  Cheni.,  I,  306-308. 

3  Die  Getreidearten  u.  das  Brod.  Niiniberg,  j86o,  p.  304. 
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results  of  which  are  given  by  Ritthausen.*  Kreusler  employed 
coarsely  ground  meal  and  finely  ground  flour,  the  latter  yielding 
purer  preparations,  the  results  being  otherwise  the  same. 

He  states  that  the  aqueous  extract  of  the  ground  seed  contains 
an  albumin  coagulated  by  boiling  and  of  the  following  compo- 
sition : 

Carbon 52.86 

Hydrogen 7.23 

Nitrogen 15.75 

Sulphur 1. 18 

Oxygen 22.98 

100.00 

The  extract  made  with  seventy-five  per  cent,  alcohol  contains, 
according  to  Kreusler,  three  proteids:  gluten-casein,  gluten-fib- 
rin, and  mucedin. 

The  gluten-casein  separates  on  cooling  the  hot  alcoholic 
extract,  and  when  purified  by  boiling  with  dilute  alcohol  and 
fractionally  precipitated  from  solution  in  acetic  acid  has  the  com- 
position stated  below. 

1 ,  is  not  corrected  for  ash  and  represents  the  first  precipitation 
from  a  turbid  solution. 

2,  is  the  second  precipitation  from  a  clear  solution  and  is  cor- 
rected for  ash. 

The  cold  alcoholic  extract  contains  gluten -fibrin  and  mucedin. 
The  composition  of  these  Kreusler  gives  as  follows : 

Gluten-casein.  Gluten-fibrin.  Mucedin. 

I.  2.        From  meal.  From  flour.  From  meal.  Prom  flour. 

Carbon 53.84        53.25  55.23  54.55  53-19  53-97 

Hydrogen...       7.16          7.13  7.24  7.27  6.65  7.03 

Nitrogen 16.63          I5'49  i5-70  16.14  16.98 

Sulphur) _^^  „.o  __^,  i    0.68 


Oxygen 


)  o  f    0.68 

> 22.04  22.48  24.02         < 

J  ^21.34 


100.00 
These  proteids  were  supposed  to  be  the  same  as  those  simi- 
larly named  and  described  by  Ritthausen  as  occurring  in  the 
wheat  kernel. 

So  far  as  the  writer  has  been  able  to  learn  the  preceding  sum- 
mary includes  all  that  has  been  published  hitherto  in  regard  to 
the  proteids  of  the  barley  kernel  that  is  now  worthy  of  notice. 

1  Die  Eiweisskocrper,  etc.,  Bonn,  1872,  p.  103. 
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My  preliminary  examination  of  barley-meal  showed  that  the 
seeds  contain  proteid  matters  soluble  in  water,  in  sodium  chloride 
solutions,  and  in  alcohol,  and  that  after  complete  extraction  with 
all  these  reagents  there  remains  a  considerable  quantity  of  pro- 
teid which  can  be  partly  extracted  by  dilute  potash  solutions, 
but  the  greater  part  of  which  is  insoluble  in  any  reagent  hitherto 
applied. 

The  material  employed  consisted  of  meal  made  from  two-rowed 
barley  and  of  a  very  white  barley  flour  kindly  furnished  by  the 
Health  Food  Co.,  of  New  York,  both  of  which  yielded  proteids 
of  the  same  composition  and  properties,  the  preparations  derived 
from  the  flour,  however,  being  less  contaminated  with  coloring 
matter  than  those  derived  from  the  meal  made  from  the  entire 
grain,  including  the  ground  husk,  which  was  so  closely  adhe- 
rent, as  to  render  its  removal  in  the  laboratory  impossible. 

PROTEIDS  SOLUBI^E  IN  WATER.      LEUCOSIN.      PROTEOSE. 

As  an  aqueous  extract  of  any  seed,  is  in  reality  a  dilute  saline 
solution,  owing  to  the  salts  extracted  from  the  seed,  and  as  the 
proteid  matter  soluble  in  alcohol  dissolves  to  a  slight  extent  in 
very  dilute  saline  solutions,  the  proteids  properly  soluble  in  water 
were  obtained  by  extracting  the  meal  with  sodium  chloride  solu- 
tions, dialyzing  away  the  salts  and  filtering  off  the  proteid  that 
thereby  precipitated.  In  this  way  the  proteid  matter,  soluble  in 
pure  water,  which  had  been  extracted  from  the  meal  was  obtained 
in  solution  by  itself.  Three  kilos  of  barley,  ground  to  a  fine 
meal,  were  treated  with  nine  liters  of  ten  per  cent,  salt  solution, 
applied  in  successive  portions,  the  bran  being  removed  by  wash- 
ing on  a  coarse  cloth.  The  starch  and  other  suspended  matter 
was  allowed  to  settle  out  and  the  extract  was  filtered  clear.  This 
solution  was  then  saturated  with  ammonium  sulphate  and  the 
precipitate  produced,  after  filtering  out,  was  treated  with  ten  per 
cent,  salt  solution.  The  resulting  liquid  was  filtered  clear  and 
dialyzed  for  five  days.  The  globulin  that  separated  in  this  pro- 
cess was  collected  on  a  filter,  the  solution  was  returned  to  the 
dialyzer  for  three  days  longer,  and  the  very  small  additional 
amount  of  substance  that  separated  was  filtered  out.  The  clear 
solution  was  then  heated  in  a  water-bath  to  65°,  the  water  of  the 
bath  not  exceeding  70**.     After  an  hour  the  coagulum  was  filtered 
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out,  washed  with  warm  water,  alcohol,  and  ether,  and  dried  over 

sulphuric  acid.     This  preparation,  i,  weighed  4.15  grams  and 

when  dried  at  110°  had  the  following  composition : 

Coagulated  Bari^ey  Ai^bumin,  Leucosin.    Preparation  /. 

Carbon 5304 

Hydrogen 6.78 

Nitrogen 16.84 

Sulphur 1.42 

Oxygen 21.92 

100.00 
Ash 0.29 

Another  preparation  was  made  by  treating  two  kilos  of  barley 
meal  with  ten  per  cent,  sodium  chloride  solution,  squeezing  out 
in  a  press  and  repeating  the  process  on  the  residue.  The  filtered 
extract  was  saturated  with  ammonium  sulphate,  the  precipitate 
dissolved  in  dilute  salt  solution,  subjected  to  dialysis  and,  when 
freed  from  chlorides,  filtered  and  heated  to  65°  in  a  water-bath  of 
70°.  The  coagulum  produced  was  washed  thoroughly  with  hot 
water,  alcohol,  and  ether,  and  dried  over  sulphuric  acid.  This 
preparation,  2,  weighed  two  and  three-tenths  grams  and,  when 
dried  at  no"*,  had  the  following  composition : 

Coagui^ated  Bari^ey  Ai^bumin,  Leucosin.    Preparation  2. 

Carbon 52.67 

Hydrogen 6.77 

Nitrogen 16.41 

S«1P1""-| 24.,5 

Oxygen  ' 

100.00 
Ash 0.31 

As  this  body  separated  slowly  when  its  solutions  were  heated 
to  65°  it  was  thought  possible  that  more  than  one  albumin  was 
present  which,  if  a  fact,  might  be  shown  by  analysis  of  prepara- 
tions, precipitated  in  successive  fractions. 

Accordingly  six  kilos  of  barley-meal  were  extracted  with  ten 
per  cent,  salt  solution  and  the  clear  filtered  extract  saturated  with 
ammonium  sulphate.  The  precipitate  produced  was  dissolved 
in  brine  and  the  solution,  after  filtering  clear,  was  dialyzed  until 
all  the  the  globulin  had  precipitated.  It  was  then  again  filtered 
clear  and  in  order  to  obtain  a  concentrated  solui.:,n  the  filtrate 
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was  saturated  with  ammonium  sulphate,  the  precipitate  formed 
was  dissolved  in  water,  and  this  solution  was  filtered  clear  and 
dialyzed.  After  six  days  only  a  very  little  more  globulin  had 
separated,  which  was  filtered  out,  and  a  portion  of  the  clear  solu- 
tion was  tested  carefully  for  its  coagulation  point.  When  slowly 
heated  in  a  double  water-bath  it  became  faintly  turbid  at  39**  and 
but  very  little  more  so  at  49**.  The  turbidity  then  rapidly 
increased,  flocks  appearing  at  56**,  After  heating  at  56**  for 
twenty  minutes  the  solution  was  filtered  and  again  heated.  Tur- 
bidity occurred  at  50°  and  flocks  formed  at  60''.  After  heating 
to  65°  and  holding  at  this  temperature  for  some  time  the  solution 
was  filtered  and  again  heated.  Thereupon  the  turbidity  took 
place  at  70"  and  a  very  few  flocks  formed  at  74°.  The  solution 
still  had  a  just  detectable  acid  reaction.  The  entire  solution  was 
then  heated  with  great  care  to  precisely  56**  in  a  large  water-bath, 
the  temperature  of  which  did  not  exceed  57°.  After  keeping  at 
this  temperature  for  an  hour  the  coagulum  was  filtered  out, 
washed  with  hot  water,  alcohol,  and  ether,  and  dried  over  sul- 
phuric acid.  This  preparation,  3,  weighed  0.36  gram  and  con- 
tained, when  dried,  without  correction  for  ash,  16.48  per  cent,  of 
nitrogen. 

The  filtrate  from  preparation  3,  was  then  heated  to  just  60° 
for  three  hours,  and  the  second  coagulum  filtered  off  and  treated 
as  the  first  had  been.  This  preparation,  4,  weighed  four-tenths 
gram  and  contained,  without  correcting  for  ash,  16.74  per  cent, 
of  nitrogen.  Another  part  of  this  same  extract,  after  freeing 
from  globulin  as  above  described,  was  dialyzed  into  alcohol  for 
three  days,  whereby  the  solution  was  concentrated  and  the  pro- 
teid  partly  precipitated.  In  order  to  separate  the  albumin  from 
any  proteose  thrown  down  with  it,  the  precipitate  produced  by 
alcohol-dialj'sis  was  digested  with  absolute  alcohol  for  three  days 
longer  and  then  washed  thoroughly  with  water.  A  considerable 
part  of  the  albumin  was  thus  rendered  insoluble  in  water,  and 
after  being  further  washed  with  absolute  alcohol  and  ether,  was 
dried  over  sulphuric  acid  and  found  to  weigh  0.51  gram.  This 
preparation,  5,  contained  16.30  per  cent,  of  nitrogen  without  cor- 
recting for  ash. 

Another  preparation  of  albumin  was  made  in  the  same  way,  in 


544  THOMAS  B.    OSBORNE 

order  to  obtain  a  larger  quantity  for  complete  analysis.  Six 
kilos  of  barley  flour  were  mixed  with  twenty-eight  liters  of  ten 
per  cent,  salt  solution  and  seventeen  liters  of  clear  filtrate  ob- 
tained, which  was  saturated  with  ammonium  sulphate.  The 
precipitate  produced  was  dissolved  as  far  as  possible  in  ten  per 
cent,  salt  solution,  filtered  clear,  and  in  order  to  reduce  the  vol- 
ume of  the  solution  it  was  saturated  with  ammonium  sulphate, 
the  precipitate  dissolved  in  looo  cc.  of  water,  and  dialyzed  until 
entirely  free  from  globulin.  The  solution  was  then  filtered  and 
dialyzed  into  alcohol.  After  being  concentrated,  absolute  alco- 
hol was  added  and  the  precipitate  filtered  off,  washed  with  abso- 
lute alcohol  and  ether,  and  dried  over  sulphuric  acid.  This 
preparation,  6,  weighed  four  and  one-tenth  grams.  It  was  then 
digested  with  water  and  the  insoluble  matter  washed  thoroughly 
with  water,  alcohol,  and  ether,  dried  over  sulphuric  acid,  and 
had  the  following  composition  when  dried  at  i  io° : 

Coagulated  Barley  Albumin,  Leucosin.    Preparation  6. 

Carbon • 52.71 

Hydrogen 6.78 

Nitrogen 16.93 

Sulphur 1.51 

Oxygen 22.07 

100.00 
Ash 0.50 

Summary  of  Analyses  op  Coagulated  Barley  Albumin — Leucosin. 

I.                 2.  3.1               4.1               5.2               6.«  Averagre. 

Carbon 53.04  52.67  ....  ....          ...  52.71  52.81 

Hydrogen..     6.78  6.77  ....  ....          ....          6.78  6.78 

Nitrogen...  16.84  16.41  16.48  16.74        16.30  C6.93  16.62 

Sulphur...     1.42)  ^j^  ....  1.51  1.47 

Oxygen....   21.92 J  22.07  22.32 

100.00       100.00  100.00     100.00 

If  this  proteid  be  compared  with  the  leucosin*  obtained  from 
the  wheat  and  rye  kernels,  it  will  be  seen  that  the  three  are 
almost  identical  in  composition. 

1  Not  corrected  for  ash. 

s  Not  corrected  for  ash  ;  coagulated  by  alcohol. 

>  Coagulated  by  alcohol. 

4  Report  of  the  Connecticut  Agricultural  Experiment  Station,  1893^  p.  179. 
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Leucosin, 

Wheat.  Rye.  Barley. 

Carbon 53.02  52.97  52.81 

Hydrogen 6.84  6.79  6.78 

Nitrogen 16.80  16.66  16.62 

Sulphur X.28  1.35  1.47 

Oxygen 22.06  22.23  22.32 

100.00  100.00         100.00 

The  aqueous  extract  of  the  barley  kernel  contains  also  a  small 
quantity  of  one  or  more  proteoses,  but  owing  to  the  great  diffi- 
culties encountered  in  attempting  to  separate  these,  no  pure  prep- 
arations have  been  obtained. 

PROTEID  SOLUBLE  IN  SODIUM  CHLORIDE  SOLUTION.   EDESTIN. 

The  large  amount  of  gum  extracted  from  barley-meal  by  salt 
solution  renders  it  very  diflScult  to  prepare  the  globulin  in  any- 
thing like  a  pure  state.  This  difl&culty  is  further  increased  by 
the  readiness  with  which  the  globulin  passes  into  the  insoluble 
or  albuminate  condition  and  is  thus  lost  for  further  purification. 
In  only  three  cases  was  it  possible  to  redissolve  and  reprecipi- 
tate  this  proteid  in  sufficient  quantity  for  analysis.  In  all  the 
extracts  made,  a  considerable  amount  of  globulin  was  precipita- 
ted by  dialysis  in  the  form  ot  minute  spheroids.  So  far  as  no- 
ticed, this  globulin  resembled,  in  all  respects,  that  found  in  wheat 
and  rye.  It  was  readily  and  completely  precipitated  from  salt 
solution  by  dialysis  and  also  by  adding  acid.  When  dissolved 
in  ten  per  cent,  sodium  chloride  solution  and  heated,  turbidity 
occurred  at  90**,  but  no  coagulum  formed  until  the  solution  was 
boiled,  and  then  only  a  small  part  of  the  dissolved  substance  sep- 
arated. 

Three  kilos  of  barley-meal  were  extracted  with  ten  per  cent, 
salt  solution,  the  filtered  extract  saturated  with  ammonium  sul- 
phate, and  the  resulting  precipitate  filtered  out,  dissolved  in  ten 
per  cent,  brine,  and  the  insoluble  matter  removed  by  filtration 
after  adding  a  very  small  quantity  of  two-tenths  per  cent,  potash 
water  in  order  to  neutralize  the  slight  acid  reaction  of  the  extract. 
The  solution  was  then  filtered  clear  and  dialyzed  for  four  days. 
The  proteid  separated  in  the  form  of  small  spheroids  which  were 
filtered  out,  washed  with  water,  alcohol,  and  ether,  and  after 
drying  over  sulphuric  acid  found  to  weigh  4.02  grams.     This 
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preparation  was  dissolved  in  ten  per  cent,  salt  solution  and  again 
submitted  to  dialysis.  After  the  proteid  had  precipitated  it  was 
filtered  out,  washed  with  water,  alcohol,  and  ether,  and  the  final 
preparation,  7,  when  dried  at  no®,  had  the  following  compo- 
sition : 

Bari«sy  Gi^obui^in,  Edbstin,  Preparation  7. 

Carbon 51-43 

Hydrogen 6.71 

Nitrogen 18.14 

Sulphur  \  «,  *^ 

^    *^  \    23.72 

Oxygen    > 

100.00 
Ash 0.48 

Again  six  kilos  of  barley  flour  were  extracted  with  ten  per 
cent,  salt  solution,  the  filtered  extract  saturated  with  ammonium 
sulphate,  the  resulting  precipitate  dissolved  in  salt  solution  and 
dialyzed.  The  precipitated  globulin  was  again  dissolved  in  ten 
per  cent,  salt  solution  and  precipitated  a  second  time  by  dialysis. 
One  and  nine-tenths  grams  of  preparation  8  were  obtained, 
having  the  following  composition : 

Bari^ey  Gi^obuwn,  Edestin,  Preparation  8, 

Carbon 50.82 

Hydrogen 6.76 

Nitrogen * 18.16 

s^ip^^n: 24.26 

Oxygen  ' 

100.00 
Ash 0.37 

Another  preparation  was  made  in  the  same  way,  save  that  after 
dissolving  the  ammonium  sulphate  precipitate  in  salt  solution, 
the  proteids  were  again  precipitated  by  saturation  with  ammo- 
nium sulphate  and  redissolved  in  brine,  thus  yielding  a  solution 
of  smaller  volume  which  was  then  dialyzed.  After  five  days* 
dialysis,  the  chlorides  having  been  removed,  the  precipitated 
globulin  was  treated  in  the  usual  manner  and  found  to  weigh 
1.85  grams.  This  preparation,  9,  had  the  following  compo- 
sition : 
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Barlby  Globulin,  Edbstin,  Preparation  g. 

Carbon • .  •     50.40 

Hydrogen 6.48 

Nitrogen iS.oo 

S'^IPJI'"}       25.12 

Oxygen  > 

100.00 
Ash 0.44 

The  foregoing  analyses,  although  not  showing  the  agreement 
to  be  desired,  are  on  the  whole  sufficiently  alike  to  warrant  their 
publication,  and  for  the  sake  of  comparison  they  are  here  tabu- 
lated. 

Barley  Globulin,  Edbstin. 

7.                     8.                     9.  Average. 

Carbon 51-43  50.82  50.40  50.88 

Hydrogen 6.71              6.76  6.48  6.65 

Nitrogen 18.14  18.16  18.00  18.10 

Sulphur  I     2^^^  ^26  25.12  24.37 

Oxygen  > 

100.00         100.00  100.00         100.00 

In  view  of  the  close  resemblance  in  properties  and  similarity 
in  composition  it  is  the  writer's  opinion  that  this  globulin  is  the 
same  as  that  found  in  a  large  number  of  other  seeds  and  pre- 
viously described  under  the  name  edestin.'  The  following  table 
affords  a^  comparison  of  the  composition  of  this  proteid  from  its 
different  sources. 

Edbstin. 

Hemp-     Castor-     Sqash-       Flax-     Cotton-  * 

Wheat     Maize.       seed.        bean.        seed.        seed.       seed.         Rye.     Barley. 

C 51.03      51.71      51.28      51.31      51.66      51.48     51.71      51. 19     50.88 

H  ...     6.85         6.85         6.84         6.97         6.89         6.94        6.86        6.74        6.65 
N....    18.39      18.Z2       18.84       18.75       18-51       l^^do      18.64      18.19      18.10 

S..«.  0.69  0.86  0.87  0.76  0.88  0.81  0.62\^^QQ  «,      ^. 

^  ,  ,  >  23.00      24*37 

0>...  23.04      22.46      22.17      22.21      22.06      22.17     22.17 J 

100.00    100.00    100.00    100.00    100.00    100.00    100.00    100.00  100.00 

On  comparing  the  above  analyses  it  will  be  seen  that  the  prep- 
arations obtained  from  the  cereals  show  the  greatest  deviation 
from  the  average  of  these  figures.  This  is  unquestionably  due 
to  the  fact  that  in  these  seeds  this  substance  is  present  in  small 

1  Report  Connecticut  Asrricultural  Experiment  Station,  jS<^,  pp.  179  and  316. 
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quantity  and  is  associated  with  other  bodies  so  that  it  has  been 
impossible  to  prepare  it  from  them  in  a  state  of  perfect  purity. 

PROTEID  SOLUBI^E  IN  DII.UTE  ALCOHOL.      HORDEIN. 

After  extracting  500  grams  of  barley-meal  with  brine  the  resi- 
due Was  treated  with  alcohol  added  in  sufficient  quantity  to  form 
with  the  water  retained  by  the  meal,  an  alcohol  of  approximately 
seventy-five  per  cent.  After  digesting  a  short  time,  the  meal 
was  squeezed  out  and  again  treated  with  seventy-five  per.  cent, 
alcohol,  and  pressed  out.  The  united  alcoholic  extracts  were 
then  filtered  clear,  concentrated  to  small  volume  on  a  water-bath 
cooled,  and  the  proteid  thus  separated  washed  thoroughly  by 
kneading  with  distilled  water.  The  separated  substance  now 
presented  every  appearance  of  gliadin,  the  proteid  similarly  ob- 
tained from  wheat  and  rye.  It  was  dissolved  in  a  little  dilute 
alcohol  in  which  it  was  very  readily  soluble  with  the  exception 
of  a  slight  residue  of  coagulated  proteid  which  rendered  filtra- 
tion extremely  difficult.  The  solution  was  then  precipitated  by 
pouring  into  absolute  alcohol  and  the  precipitate  digested  with 
absolute  alcohol,  rubbed  to  a  powder  while  still  moist  with  alco- 
hol, and  treated  with  ether.  When  dried  over  sulphuric  acid 
this  preparation,  10,  weighed  4.54  grams,  and  when  dried  at  no** 
gave  on  analysis  the  following  results : 

Barley  Proteid,  Preparation  10, 

I.                   II.  Average. 

Carbon 53.83  53.93  53.88 

Hydrogen 6.72             6.92  6.82 

•    Nitrogen 17.32             ••••  17.32 

^    ■^         >     ••••  21.98 

Oxygen  y 

100.00 
Ash 0.22 

Another  extract  was  made  by  treating  500  grams  of  barley- 
meal  with  three  liters  of  alcohol  of  nine-tenths  specific  gravity 
applied  directly  to  the  freshly  ground  meal.  The  extract,  which 
had  a  red-brown  color,  was  squeezed  out  in  a  press  and  concen- 
trated to  about  one-eighth  of  its  volume.  After  standing  over 
night  the  mother-liquor  was  poured  off  from  the  proteid  which 
had  separated  in  a  firm  mass  on  the  bottom  of  the  dish. 
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This  was  then  dissolved  in  dilute  alcohol  and  precipitated  by 
pouring  into  absolute  alcohol.  The  resulting  precipitate  was 
washed  with  absolute  alcohol,  digested  with  ether,  dried  over 
sulphuric  acid,  and  found  to  weigh  12.3  grams.  This  prepara- 
tion, 11,  when  dried  at  110°,  had  the  following  composition: 

Bari^ey  Proteid,  Preparation  11. 

Carbon 53-78 

Hydrogen •• 6.51 

Nitrogen 1 7.27 

Sulphur 0.95 

Oxygen 21.49 

100.00 
Ash 0.19 

The  remainder  of  preparation  1 1  was  then  dissolved  in  dilute 
alcohol  and,  after  filtering  clear,  poured  into  distilled  water  and 
precipitated  by  adding  a  few  •drops  of  sodium  chloride  solution. 
This  substance  was  again  dissolved  in  dilute  alcohol  and  precip- 
itated by  pouring  into  absolute  alcohol.  After  treating  with  ether 
and  drying  at  110°,  this  preparation,  12,  was  analyzed  with  the 
following  results : 

Bari^by  Proteid,  Preparation  12. 

Carbon 53-78 

Hydrogen 6.82 

Nitrogen 17.16 

Sulphur..'. 0.93 

Oxygen 21.31 

100.00 
Ash 0.86 

Three  kilos  of  barley-meal  were  treated  with  ten  per  cent,  salt 
solution  and  washed  on  a  coarse  cloth  until  only  the  bran  and 
larger  particles  of  meal  remained.  This  residue  was  then  ex- 
tracted with  alcohol  of  nine-tenths  specific  gravity,  yielding  a 
deep  red  solution,  which  was  filtered  through  animal  charcoal ; 
but  only  a  part  of  the  coloring-matter  was  removed.  The  clear 
solution  was  next  concentrated  on  a  water-bath,  poured  into 
absolute  alcohol,  and  the  resulting  precipitate  digested  with 
absolute  alcohol  and  treated  with  ether,  giving  preparation  13  f 
weighing  thirty  grams  and,  when  dry,  having  the  following 
composition : 
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Barley  Photeid,  Preparation  /j. 

I.  II.  Average. 

Carbon 53.80  53.70  53.75 

Hydrogen 6.78  6.78 

Nitrogen 17.48  17.33  17.41 

Sulphur 0.93  •  •  •  •  0.93 

Oxygen ....  21.13 

100.00 
Ash 0.25 

A  portion  of  the  solution  from  which  preparation  13  had  been 
obtained  was  precipitated  separately  by  pouring  into  strong  alco- 
hol and  adding  a  few  drops  of  salt  solution.  The  precipitate 
was  treated  in  the  usual  manner  and  gave  a  preparation,  14, 
containing  much  less  coloring-matter  than  the  preceding  and 
having  the  following  composition  : 

Bari^BY  Proteid,  Preparation  14, 

Carbon 54.32 

Hydrogen 6.74 

Nitrogen 17.13 

S'^ipi'-n  «.8i 

Oxygen  J 

100.00 
Ash 1.43 

The  starchy  portion  of  the  barley-meal  which  had  been 
washed  through  the  cloth,  as  described,  was  thoroughly  extracted 
with  salt  solution  and  then  with  dilute  alcohol,  the  extraction 
being  repeated  until  the  proteid  was  completely  removed.  The 
united  extracts  were  filtered  and  concentrated  to  two-thirds  of 
their  volume  by  distillation  when  the  solution  was  poured  into  a 
dish  and  the  evaporation  continued.  The  proteid  separated  as  a 
skin  on  the  surface  of  the  liquid  and  as  a  solid  mass  on  the  bot- 
tom of  the  dish.  When  reduced  to  about  one-half  the  volume 
of  the  original  liquid  the  hot  mother-liquor  was  decanted  from 
the  separated  proteid  which  formed  a  tough  mass  of  a  pink 
color.  This  was  washed  with  water  and  redissolved  in  dilute 
alcohol,  giving  a  deep  red  solution  which  was  poured  into  abso- 
lute alcohol  and  the  mass  of  substance  that  separated  was  cut 
up  with  scissors  into  small  pieces  and  digested  with  absolute 
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alcohol  and  with  ether.  When  dried  over  sulphuric  acid  this 
preparation,  15,  was  pinkish  in  color  and  weighed  thirty  grams. 
Dried  at  1 10**  and  analyzed  the  following  results  were  obtained : 

Barley  Protkid,  Preparation  /j. 

Carbon 54*oo 

Hydrogen 6.72 

Nitrogen k  17.49 

Sulphur )       21  70 

Oxygen  > 

100.00 
Ash 0.95 

The  mother-liquor  decanted  from  preparation  15,  was  still 
further  concentrated  and  allowed  to  cool  over  night<  Only  a 
little  substance  separated  which,  however,  was  washed  with 
water,  redissolved  in  dilute  alcohol,  and  precipitated  by  pouring 
into  much  distilled  water  to  which  a  little  salt  had  been  added. 
On  standing  about  thirty-six  hours  the  milky  solution  cleared 
and  the  proteid  was  found  in  a  transparent  layer  at  the  botton^ 
of  the  vessel.  After  treating  with  absolute  alcohol  and  ether 
and  drying  over  sulphuric  acid,  preparation  16  was  obtained 
weighing  seven  grams  and  having  when  dried,  the  following 
composition  : 

Barley  Proteid,  Preparation  16. 

Carbon 53»90 

Hydrogen 6.63 

Nitrogen 17.08 

^^>'««"\      22.39 

Sulphur  J  ^^ 

100.00 
Ash 0.23 

As  this  proteid  resembled  gliadinso  closely  in  its  physical  and 
chemical  properties  it  seemed  important  to  subject  it  to  very 
thorough  fractional  precipitation  in  order  to  determine  whether 
it  was  a  mixture  of  gliadin  with  another  body  or  a  new,  distinct 
proteid.  Another  extract  was  made  by  treating  three  kilos  of 
freshly  ground  barley-meal  with  ten  per  cent,  salt  solution, 
squeezing  out  in  a  press,  and  treating  the  residue  again  in  the 
same  way.     The  meal  residue  was  then  mixed  with  alcohol  in 
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quantitj^  sufficient  to  make,  with  the  water  retained  by  the  meal, 
an  alcohol  of  about  forty  per  cent.  After  squeezing  out  the 
liquid,  alcohol  was  again  added  to  the  residual  meal  sufficient  to 
increase  the  strength  of  the  solvent  to  seventy-five  per  cent. 
After  digesting  for  some  time  the  extract  was  squeezed  out  and 
found  less  colored  than  the  first  dilute  alcohol  extract.  This 
second  extract  was  concentrated  by  distillation  to  small  volume 
and  cooled  giving  a  deposit  of  proteid  much  whiter  than  any 
previously  made.  The  mother-liquor  from  this  precipitate  was 
poured  into  absolute  alcohol  and  a  second  precipitate  obtained. 
The  two  precipitates,  when  united,  dehydrated  in  the  usual  way, 
treated  with  ether,  and  dried  over  sulphuric  acid,  weighed 
twenty-two  grams.  Dried  at  i  lo"*  this  substance  had  the  follow- 
ing composition : 

Barley  Proteid,  Preparation  //. 

Carbon 54.30 

Hydrogen 6.67 

Nitrogen 17.47 

Sulphur 0.84 

Oxygen...."" 20.72 

100.00 

About  eighteen  grams  of  this  preparation  were  dissolved  in 
alcohol  of  0.9  specific  gravity  and  absolute  alcohol  was  added 
until  a  considerable  precipitate  resulted,  when  the  mixture  was 
heated  on  a  water-bath  until  the  precipitate  dissolved.  The 
solution  was  then  cooled  and  after  standing  some  time  the 
mother-liquor  was  decanted  from  the  separated  substance.  This 
precipitate  was  marked  I.  The  solution  decanted  from  I,  was 
further  treated  with  absolute  alcohol  and  a  second  precipitate  II, 
obtained  in  the  same  way.  The  mother-liquor  from  II  was 
mixed  with  a  large  quantity  of  absolute  alcohol  and,  as  the  pro- 
teid did  not  separate,  a  few  drops  of  salt  solution  were  added 
and  the  resulting  precipitate  III  filtered  off  and  treated  with 
absolute  alcohol  and  ether  in  the  usual  manner. 

In  the  first  place,  precipitate  I  was  dissolved  in  a  small  quan- 
tity of  seventy-five  per  cent,  alcohol  and  absolute  alcohol  was 
added  until  the  precipitate  began  to  reappear.  The  whole  was 
heated  until  the  precipitate  again  dissolved  whereupon  the  solu- 
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tion  was  cooled.  The  substance  which  separated  settled  out 
leaving  the  solution  milky.  The  mother-liquor  was  decanted 
from  the  small  amount  of  deeply  colored  proteid  which  adhered 
to  the  bottom  of  the  beaker,  and  this  deposit  was  dissolved  in  a 
little  seventy-five  per  cent,  alcohol,  treated  with  absolute  alco- 
hol, and  the  opalescent  solution  so  produced  mixed  with  a  little 
ether.  This  gave  a  very  small  precipitate,  almost  black  in  color 
and  ver>'  stick}-.  The  solution  decanted  from  this  small  deposit 
was  treated  with  a  drop  of  potassium  acetate  solution  and  the  result- 
ing precipitate,  after  washing  with  absolute  alcohol  and  ether, 
dried  over  sulphuric  acid.  It  formed  a  light  pink  powder, 
preparation  i8,  weighing  0.65  gram  and  when  dn-  contained, 
ash-free,  16.60  per  cent,  of  nitrogen.  Its  ash  content  was  1.04 
per  cent.  The  mother-liquor,  decanted  from  the  first  precipita- 
tion of  18,  was  treated  with  a  drop  of  potassium  acetate  solution 
and  the  precipitate  produced  allowed  to  settle.  After  standing, 
the  substance  settled  out  and  adhered  to  the  bottom  of  the 
beaker  in  a  solid  mass,  from  which  the  clear  supernatant  solu- 
tion was  decanted.  This  solution  after  treatment  with  absolute 
alcohol  yielded  a  precipitate  which,  washed  with  absolute  alco- 
hol and  ether,  and  dried,  formed  preparation  19,  weighing  1.79 
grams  and  having  the  following  composition : 

Barley  Proteid,  Preparation  ig. 

Carbon 53.85 

Hydrogen 6.69 

Nitrogen 17.22 

S«1P»>'"-1 , «.J4 

Oxygen  ' 

100.00 
Ash 0.40 

The  substance  deposited  after  the  addition  of  potassium  ace- 
tate to  the  solution  from  which  19  was  derived,  was  dissolved  in 
seventy-five  per  cent,  alcohol,  absolute  alcohol  added  to  the 
solution,  and  the  resulting  precipitate  dissolved  by  heating.  On 
cooling,  a  part  of  the  proteid  separated  and  after  this  had  set- 
tled, the  liquid  was  decanted  and  mixed  with  absolute  alcohol, 
and  on  treating  the  precipitate  in  the  usual  manner  preparation 
20  was  obtained,  which  when  dried  weighed  1.18  gram  and  gave 
the  following  results  on  analysis  : 
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Bari<by  Protbid.    Preparation  20, 

Carbon 54-33 

Hydrogen 6.8x 

Nitrogen i6'93 

Sulphur )  21  Q^ 
Oxygen  i 

100.00 
Ash 0.58 

The  substance  deposited  by  cooling  the  solution  from  which 
20  was  obtained  was  only  partly  soluble  in  dilute  alcohol.  It 
was  accordingly  treated  with  seventy-live  per  cent,  alcohol  and 
allow  to  stanti  until  the  insoluble  matter  had  settled  out.  The 
clear  liquid  was  then  decanted  and  completely  precipitated  with 
absolute  alcohol.  The  separated  substance  was  washed  with 
absolute  alcohol  and  ether  and  when  dry  weighed  0.81  gram. 
This  preparation,  21,  contained,  ash-free,  16.65  P^r  cent,  of 
nitrogen  and  0.32  per  cent,  of  ash.  The  insoluble  matter  just 
described,  after  washing  by  decantation  with  seventy-five  per 
cent,  alcohol,  was  treated  in  the  usual  manner  and  yielded  prepa- 
ration 22,  weighing  1.56  grams  and  having  the  following  com- 
position : 

Bari«by  Proteid.    Preparation  22, 

Carbon 53.91 

Hydrogen 6.77 

Nitrogen 17.00 

S"lph"«-\  „.3j 

Oxygen  ) 

100.00 
Ash "...      0.71 

Precipitate  II  was  dissolved  in  a  little  seventy-five  per  cent, 
alcohol  and  the  solution  mixed  with  absolute  alcohol.  The 
resulting  precipitate  (a)  was  dissolved  by  heating  and  the  solu- 
tion cooled,  whereupon  a  part  {V)  of  the  proteid  was  precipi- 
tated. The  supematent  solution  was  poured  off,  mixed  with 
absolute  alcohol,  and  this  precipitate  (r)  which  contained  all  the 
proteid  remaining  was  dehydrated  with  absolute  alcohol  and 
washed  with  ether,  giving  preparation  23,  weighing  two  and 
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two-tenths  grams  and  having,  when  dry,  the  following  composi- 
tion : 

Barley  Prdteid.    Preparation  23, 

I. 

Carbon 54-63 

Hydrogen 6.62 

Nitrogen 17.16 

Sulphur  \ 


Oxygen 


Ash. 


II. 

Average 

54.68 

54.65 

6.50 

6.56 

17.16 

21.63 

100.00 

..       0.32 

The  substance  (^),  deposited  on  cooling  the  solution  as  above 
described,  was  dissolved  in  swenty-five  per  cent,  alcohol  and 
partly  precipitated  by  adding  absolute  alcohol.  After  redissolv- 
ing  the  precipitate  by  the  application  of  heat,  the  solution  was 
cooled  and  allowed  to  stand  some  time  to  deposit  the  precipitate 
which  formed.  The  liquid  was  then  decanted  and  the  separated 
substance  treated  with  absolute  alcohol  and  ether,  yielding  prepa- 
ration 24,  weighing  3. 11  grams  and  having  the  following  com- 
position after  drying  at  1 10°. 

Barley  Proteid.    Preparation  24. 

Carbon 54.27 

Hydrogen 6.67 

Nitrogen 17.39 

S»»P»»'"-\  ,,.67 

Oxygen  > 


100.00 
Ash 0.32 

To  the  solution  from  which  24  separated,  absolute  alcohol  was 
added  in  considerable  quantity  and  the  proteid  thus  thrown  down 
was  dehydrated  with  absolute  alcohol  and  washed  with  ether. 
When  dried  this  preparation,  25,  weighed  0.87  gram  and,  with- 
out correction  for  ash,  contained  17.28  per  cent,  of  nitrogen. 

Precipitate  III  was  treated  with  absolute  alcohol  and  with 
ether,  and  dried  over  sulphuric  acid.  It  weighed  1.63  grams 
and  its  composition  after  complete  drying  was  : 


55^  THOMAS   B.    OSBORNE 

BARI.EY  Proteid.    Preparation  26, 

Carbon 53.39 

Hydrogen 7.02 

Nitrogen 17-49 

^^^V^^^\  22.10 

Oxygen  j 

100.00 
Ash 0.59 

If  these  figures  are  compared  it  will  be  seen  that  no  fractional 
separation  has  been  effected,  the  variations  in  the  results  being 
no  greater  than  in  the  preparations  previously  described. 
Preparation  18  is  low  in  nitrogen,  but  this  is  doubtless  due  to 
its  containing  nearly  all  the  impurities  precipitable  from  the 
solution.  Preparation  21  is  also  low  in  nitrogen  but  this  was 
the  most  colored  of  all  the  preparations  and  as  it  was  also  small 
in  quantity  the  accuracy  of  the  analysis  could  not  be  confirmed. 
Excluding  the.se  two  preparations  the  results  agree  fairly  as 
shown  by  the  following  table : 

Summary  of  the  Preceding  Rractionai,  Precipitates. 

Original 
substance 
19.  20.  22.  33.  24,  25.  26.  17. 

Carbon  ...  53.85      54.33      53.91      54.65      54.27       53.39     54.30 

Hydrogen      6.69       6.81        6.77       6.56       6.67       ....        7.02       6.67 
Nitrogen..  17.22      16.93      17.00      17.16      17.39      17.28      17.49      17.47 

bu  pnur  I     22.24      21.93      22.32      21.63      21.67        ••••      22.10      21.56 
Oxygen  y  - 

100.00     100.00    100.00   100.00    100.00  100.00    100.00 

Weight...     1.79        1. 18        1.56       2.2         3.11        0.87        1.63      18.00 

As  all  the  preceding  preparations  were  made  by  extracting 
barley-meal  which  contained  a  large  quantity  of  bran,  they  were 
much  contaminated  with  coloring-matter. 

In  order  to  obtain  products  free  from  color  880  grams  of  fine 
ground  "pearled  barley"  (a  commercial  preparation  of  barley 
made  by  rubbing  off  the  outer  coat  of  the  grain),  were  treated 
with  salt  solution,  and  after  squeezing  out  the  excess  of  liquid, 
the  residue  was  digested  with  seventy-five  per  cent,  alcohol. 
The  extract  was  then  filtered,  concentrated  to  small  volume, 
cooled,  and  the  mother-liquor  decanted  from  the  separated  pro- 
teid.    This  was  then  dissolved  in  dilute  alcohol,  the  solution 
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poured  into  distilled  water,  and  the  proteid  thrown  down  by 
adding  a  little  salt.  The  precipitate  was  again  dissolved  in  a 
small  amount  of  dilute  alcohol  and  reprecipitated  by  pouring  into 
absolute  alcohol,  digested  with  absolute  alcohol  for  some  time, 
then  with  ether,  dried  over  sulphuric  acid,  and  found  to  weigh 
eight  grams.  This  preparation,  27,  was  pure  white  and  had  the 
following  composition  when  thoroughly  dried : 

Barley  Proteid.    Preparation  27, 

Carbon 54.37 

Hydrogen  *...      6.81 

Nitrogen 17-33 

Sulphur 0.88 

Oxygen 20.61 

•  100.00 
Ash 0.48 

Another  preparation  was  made  by  extracting  six  kilos  of  bar- 
ley flour  with  salt  solution  and  then  treating  the  residue  with 
alcohol  added  in  sufficient  quantity  to  make  with  the  water  of  the 
brine,  which  still  adhered  to  the  meal,  as  nearly  as  possible 
seventy-five  per  cent,  alcohol.  After  standing  over  night  the  ex- 
tract was  filtered  off,  concentrated  to  about  one-third  its  original 
volume,  and  cooled  slightly.  The  proteid  that  now  separated 
out  from  the  hot  solution  was  removed  from  the  liquid,  rinsed 
with  water,  dissolved  in  a  very  little  dilute  alcohol  to  a  thick 
syrup,  and  reprecipitated  by  pouring  into  absolute  alcohol.  The  * 
substance  was  then  cut  up  into  small  pieces  and  digested  with 
absolute  alcohol  and  also  with  ether.  When  dried  over  sulphuric 
acid  seventy-eight  grams  of  a  pure  white  preparation  were  ob- 
tained. Twenty-five  grams  of  this  were  then  dissolved  in  seventy - 
five  per  cent,  alcohol  and  the  clear  solution  poured  into  a  large 
volume  of  distilled  water.  A  part  of  the  substance  separated, 
leaving  the  liquid  milky.  The  milky  solution  was  decanted  from 
the  separated  substance  and  the  latter  was  washed  with  water 
in  which  some  of  it  dissolved.  The  turbid  liquid  and  washings 
were  united  and  precipitated  with  a  little  salt  solution.  After 
standing  over  night  the  proteid  separated  as  a  transparent  viscid 
liquid  on  the  bottom  of  the  vessel  in  the  same  way  as  gliadin 
does  under  similar  conditions.     After  decanting  the  supernatant 
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liquid  the  deposit  was  dissolved  in  dilute  alcohol  and  precipitated 
by  pouring  its  solution  into  absolute  alcohol.  The  separated 
proteid  was  then  digested  with  absolute  alcohol  and  with  ether, 
and  dried  over  sulphuric  acid.  *  A  pure  white  preparation,  28, 
resulted,  which  when  dried  at  1 10*  had  the  following  composi- 
tion : 

Barley  Proteid.    Preparation  28, 

Carbon 54.02 

Hydrogen 6.79 

Nitrogen I7'38 

Sulphur 0.84 

Oxygen 20.97 

100.00 
Ash i.oo 

The  mass  which  separated  on  pouring  the  alcoholic  solution 
into  water,  as  above  described,  was  dissolved  in  seventy-five  per 
cent,  alcohol  and,  as  it  contained  a  little  insoluble  proteid  which 
rendered  filtration  impossible,  the  solution  was  allowed  to  stand 
over  night.  The  clear  supernatant  solution  was  then  poured  off 
and  concentrated  to  about  one-third  of  its  volume  and  cooled. 
The  proteid  which  separated  was  again  dissolved  in  dilute  alco- 
hol and  precipitated  by  pouring  into  absolute  alcohol.  After 
thorough  dehydration  with  absolute  alcohol  and  digestion  with 
ether,  the  substance  was  dried  over  sulphuric  acid  and  yielded 
preparation  29,  which  was  white  in  color  and  weighed  5.46 
grams.  This  substance,  when  dried,  had  the  following  compo- 
sition : 

Bari^ev  ProTTEId.    Preparation  2g, 

I.  II.  Average. 

Carbon ,    54.48  54.54  54.51 

Hydrogen 6.70  6.79  6.75 

Nitrogen 17.22  17.18  17.20 

S"^P*^"| 21.60  21.49  21.54 

Oxygen   > 

^^^■^^^^^^  ^^^^^^^^^  ^^^m^^^^^^ 

100.00  100.00  100.00 

Ash 0.32 

Another  preparation  was  made  without  heating,  by  pouring  a 
part  of  the  original  extract  from  which  preparations  28  and  29 
were  derived  into  a  large  amount  of  distilled  water  and  allowing 


THE  PROTEIDS  OF  BARLEY.  559 

the  separated  substance  to  deposit.    After  some  time  this  settled 

and  the  supernatant  liquid  was  poured  off,  the  precipitate  washed 

with  water,  dissolved  in  cold  dilute  alcohol,  and  the  solution 

poured  into  absolute  alcohol.     The  precipitate  produced  was 

digested  with  absolute  alcohol  and  then  with  ether  and  dried 

over  sulphuric  acid,  yielding  a  pure  white  preparation  having, 

when  dry,  the  following  composition : 

Barlby  Proteid.    Preparation  30. 

Carbon 54'23 

Hydrogen 6.83 

Nitrogen I7«27 

Sulphur 0.75 

Oxygen 20.92 

100.00 
Ash 0.17 

In  order  to  obtain  a  larger  quantity  of  a  colorless  preparation, 
five  kilos  of  barley  flour  were  treated  with  10.5  liters  of  seventy- 
five  per  cent,  alcohol,  and  after  standing  some  time  the  extract 
was  filtered  off  and  six  liters  of  clear  solution  obtained.  This 
was  then  concentrated  to  one-third  its  volume  and  rapidly  cooled. 
The  proteid  separated  as  a  bulky  plastic  mass,  which,  after  de- 
canting the  mother-liquor,  was  macerated  with  about  500  cc.  of 
distilled  water,  the  washings  were  poured  off,  and  the  mass  of 
proteid  dissolved  in  500  cc.  of  seventy-five  per  cent,  alcohol, 
yielding  a  solution  of  a  pale  yellowish  brown  tint.  This  solu- 
tion was  poured  in  a  thin  stream  into  a  quantity  of  distilled  water, 
and  the  separated  proteid,  after  removal  from  the  liquid,  was 
again  dissolved  in  seventy-five  per  cent,  alcohol,  and  the  per- 
fectly clear  solution  poured  in  a  small  stream  into  a  large  quan- 
tity of  absolute  alcohol.  As  the  soluble  salts  had  been  almost 
completely  removed  the  proteid  did  not  separate  even  after  ad- 
mixture of  800  cc.  of  absolute  ether.  Three  or  four  cc.  of  salt 
solution  were  therefore  added  to  the  milky  liquid,  and  an  imme- 
diate precipitate  resulted  which  rapidly  settled,  leaving  the  solu- 
tion clear  and  free  from  proteid.  This  mixture  of  absolute  alco- 
hol and  ether  retained  all  the  fat  present  in  the  proteid  before 
precipitation,  and  also  some  coloring-matter,  the  liquid  being 
yellow.  The  solution  was  decanted  and  the  voluminous  precip- 
itate treated  with  successive  portions  of  absolute  alcohol,  and 
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obtained  as  a  snow-white  granular  substance,  weighing,  when 
dried  over  sulphuric  acid,  ninety-three  grams.  This  prepara- 
tion, 31,  had  the  following  composition  when  dried  at  110°: 

Barlby  Proteid.    Preparation  31. 

I.  II.              Average. 

Carbon 54.18  54.31  54.25 

Hydrogen 6.98  6.65  6.82 

Nitrogen 17.20  17.30  17.25 

Sulphur 0.84  ....  0.84 

Oxygen ....  ....  20.84 

)  100.00 

Ash 0.09 

In  order  to  make  certain  that  this  proteid,  which  so  closely 
resembled  gliadin  in  every  respect  but  composition,  was  not  that 
substance  contaminated  With  fat,  a  portion  of  this  preparation 
was  ground  to  a  very  fine  powder  and  washed  for  a  long  time 
with  hot  ether  in  an  extraction  apparatus.  Only  a  trace  of  sub- 
stance was  removed  by  this  treatment,  and  the  proteid  after  dry- 
ing, had  the  same  composition  as  before,  as  the  following  figures 

show: 

BARI.EY  Proteid.    Preparation  32, 

Carbon 54.20 

Hydrogen 6.58 

Nitrogen i7-07 

Sulphur 0.91 

Oxygen 21.24 

100.00 
Ash 0.25 

Another  portion  of  31  was  dissolved  in  two-tenths  per  cent. 

potash  water,  yielding  a  clear  solution,  which  was  precipitated 

by  neutralization  with  two-tenths  per  cent,  hydrochloric  acid. 

The  precipitate  was  washed  with  water,  dehydrated  with  absolute 

alcohol,  washed  with  ether,  and  analyzed  with  the  following 

results : 

Barley  Proteid.    Preparation  33. 

Carbon 54-21 

Hydrogen  6.87 

Nitrogen 17.12 

Sulphur 0.76 

Oxygen 21.04 

100.00 
Ash 0.25 

Preparation  31  was  then  subjected  to  fractional  precipitation 
in  order  to  make  sure  that  it  was  not  a  mixture  of  two  or  more 
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proteids.  Twenty-five  grams  were  dissolved  in  300  cc.  of  alcohol 
of  0.865  sp.  gr.  by  heating  on  a  water-bath,  and  the  solution  was 
qiiickly  cooled.  After  adding  a  few  drops  of  ten  per  cent,  salt 
solution  the  most  of  the  proteid  separated  in  a  coherent  mass, 
leaving  the  liquid  clear.  After  decantation,  the  residue  was 
treated  in  the  same  way  again,  the  decanted  solutions  being 
united.  The  residue  was  again  dissolved  and  absolute  alcohol 
added  to  the  hot  solution  until  a  considerable  precipitate  resulted, 
when  it  was  heated  until  clear  and  then  cooled.  A  few  drops  of 
salt  solution  were  then  added  and  the  proteid  precipitated,  leav- 
ing the  solution  slightly  milky.  This  liquid  was  joined  to  the 
two  solutions  from  which  the  proteid  had  been  previously  sepa- 
rated, and  a  little  more  salt  solution  added  to  the  mixture, 
thereby  precipitating  the  remainder  of  the  dissolved  proteid. 
After  decanting  the  liquid  from  the  separated  substance  the  lat- 
ter was  treated  with  absolute  alcohol  and  gave  preparation  34, 
representing  the  fraction  soluble  in  the  strongest  alcohol  and 
having,  when  dry,  the  following  composition : 

Barley  Proteid.    Preparation  34, 

Carbon 54*32 

Hj*drogen 6.78 

Nitrpgen : 17.02 

Sulphur 0.94 

Oxygen 20.94 

100.00 
Ash 0.21 

The  proteid,  which  had  been  precipitated  during  the  prepara- 
tion of  this  substance  as  just  described,  was  dissolved  in  alcohol 
of  0.865  sp.  gr.,  and  the  solution  cooled  rapidly  by  immersing  in 
cold  water.  When  a  part  of  the  substance  had  separated  the 
solution  was  decanted  and  the  separated  substance  treated  with 
absolute  alcohol.  Preparation  35  was  thus  obtained,  which  gave 
the  following  figures  on  analysis : 

Bari^ey  Prothid.     Preparation  jj. 

Carbon 54-47 

Hydrogen 7.01 

Nitrogen I7-I5 

Sulphur 0.74 

Oxygen 20.63 

100.00 
Ash 0.43 
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The  above  preparation  represented  the  portion  least  soluble  in 
strong  alcohol.  The  solution  decanted  from  this  preparation  was 
precipitated  with  absolute  alcohol  and  a  few  drops  of  salt  solu- 
tion, and  the  resulting  precipitate,  after  the  usual  treatment, 
yielded  preparation  36,  having  the  following  composition : 

Bari^by  Protbid.    Preparation  j6. 

Carbon 54.37 

Hydrogen 6.81 

Nitrogen ^7*39 

Sulphur 0.S4 

Oxygen 20.68 

100.00 
Ash 0.38 

The  following  table  includes  all  analyses  of  the  preparations 
which  were  free  from  coloring-matter. . 

HORDBIN.     BaRI«BY   PrOTKID  S0I«UBI«B  IN  DlI^UTB  Al^COHOi;. 

27-  28.  39.  3a  31.  32. 

Carbon 54.37  54.02  54.51  54-23'  54-25  54-20 

Hydrogen 6.81  6.79  6.75         6.83  6.82  6.58 

Nitrogen 17.33  17-38  17-20  17.27  17.25  17.07 

Sulphur 0.88  0.84)  2j               0.75  0.84  0.91 

Oxygen 20.61  20.97/  20.92  20.84  21.24 

100.00      100.00      100.00      100.00      /oo.oo      100.00 

33-  34.  35-  36-  Average. 

Carbon 54.21        54.32        54.47        54.37        54.29 

Hydrogen 6.87  6.78  7.01  6.81  6.80 

Nitrogen 17.12  17.02  17.15  17.30  17.21 

Sulphur 0.76  0.94  0:74  0.84  0.83 

Oxygen 21.04  20.94  20.63  20.68  20.87 

100.00      100.00      100.00      100.00      100.00 

This  body  differs  essentially  from  all  the  well-defined  plant 
proteids  now  known.  As  it  appears  to  be  characteristic  of  bar- 
ley, I  propose  to  adopt  for  it  the  latterly  disused  name  kordetn, 
which  was  first  applied  about  1870  by  Proust'  and  ten  years  later 
byHermbstadt'  to  certain  products  of  their  attempts  to  isolate  the 
proximate  principles  of  this  cereal. 

Hordein  appears  to  have  been  obtained  nearly  pure  from  bar- 

1  Ann.  chim.  phys.,  5, 337. 
*  J.  tech.  Chem.,  la,  46. 
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ley  flour  by  Kreusler,  as  snown  by  the  following  comparison  of 
his  analysis  with  the  average  above  given. 

Bari^bv  Protbid  Soi«ubi«b  in  Dii«utb  Ai«cohoi«. 

Kreusler.       Osborne. 

Carbon 53.97  54.29 

Hydrogen 7.03  6.80 

Nitrogen 16.98  17.21 

Sulphur 0.68  0.83 

Oxygen 21.34  20.87 

100.00         100.00 
Ritthausen  regarded  this  proteid  as  identical  with  the  mucedin 
believed  by  him  to  occur  in  wheat  and  rye,  but  which,  as  my 
investigations  prove,  does  not  exist  in  those  grains. 

Toward  water  my  different  preparations  of  hordein  behave 
somewhat  differently.  Preparations  dried  over  sulphuric  acid 
and  still  retaining  a  little  alcohol  dissolve  in  cold  water  to  a 
greater  or  less  extent  according  to  the  amount  of  alcohol  present. 
When  dried  completely  at  1 10^,  so  that  all  the  alcohol  is  removed, 
very  little  hordein  dissolves  in  cold  water  and  slightly  more  on 
raising  the  temperature.  Solutions  thus  made  with  hot  water 
do  not  precipitate  on  cooling  or  coagulate  on  boiling  although 
they  give  no  inconsiderable  precipitates  on  adding  salt.  A 
large  number  of  preparations  of  this  proteid  and  of  wheat  gliadin 
were  thus  tested  and  compared  under  similar  conditions.  The 
gliadin  showed  variations  in  solubility  in  the  same  way  as  the 
barley  proteids,  but  throughout  was  much  more  soluble  than  the 
latter,  yielding  solutions  with  warm  water  which  were  precipita- 
ted by  cooling.  As  drying  at  i  lo''  tends  to  render  more  or  less 
of  these  proteids  insoluble  in  seventy-five  per  cent,  alcohol  it  is 
not  possible  to  say  definitely  whether  the  difference  was  due  to 
original  difference  in  properties  of  the  two  proteids  tested  or  to 
the  drying.  It  is  the  opinion  of  the  writer  that  the  hordein  of 
barley  is  decidedly  less  soluble  in  water  than  the  gliadin  of 
wheat. 

Toward  alcohol  the  hordein  behaves,  so  far  as  could  be 
detected,  exactly  like  gliadin.  In  very  dilute  acids  and  alkalies 
it  is  readily  soluble  and  is  precipitated  by  neutralization.  Dis- 
solved in  concentrated  hydrochloric  acid  a  beautiful  crimson 
color  is  produced  similar  to  that  given  by  gliadin  under  like 
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conditions.  With  a  warm  mixture  of  equal  volumes  of  water 
and  concentrated  sulphuric  acid  a  red  color  is  given  by  hprdein, 
not  a  purple  red  as  by  gliadin. 

The  most  marked  difference  between  hordein  and  gliadin  is  in 
composition,  since  hordein  contains  one  and  a  half  per  cent, 
more  carbon,  one  and  a  half  per  cent.  less,  nitrogen,  and  three- 
tenths  per  cent,  less  sulphur  than  gliadin. 

In  the  extraction  last  described  5000  grams  of  barley  flour 
were  treated  with  10.5  liters  of  alcohol,  and  the  extract  obtained 
measured  six  liters,  which  was  equivalent  to 57.1  percent,  of  the 
whole  solution  employed.  If  we  assume,  as  is  very  nearly  true, 
that  this  was  equal  to  a  complete  extraction  of  57.1  per  cent,  of 
the  flour,  the  proteid  obtained  was  equivalent  to  all  the  alcohol 
soluble  proteid  contained  in  2855  grams  of  flour.  In  addition  to 
the  ninety- three  grams  of  proteid  above  described,  there  was 
obtained  a  further  quantity  weighing,  when  thoroughly  dried 
'  over  sulphuric  acid,  17.5  grams,  thus  making  in  all  110.5  grams. 
This  quantity  is  3.87  per  cent,  of  the  2855  grams  extracted. 
In  order  to  confirm  these  figures  500  grams  of  barley  flour  were 
extracted  with  two  liters  of  hot  seventy-five  per  cent,  alcohol, 
squeezed  out  in  a  press  and  the  residual  meal  treated  again  in 
the  same  way  with  another  liter  of  alcohol  and  the  united 
extracts  filtered  clear  and  concentrated  by  evaporation .  All  the 
proteid  contained  in  the  solution  separated  on  cooling  and  was 
washed  with  ether,  then  dehydrated  with  absolute  alcohol,  again 
digested  with  ether,  and  dried  completel}^  over  sulphuric  acid. 
Twenty  and  two-tenths  grams  of  proteid  were  thus  obtained 
equal  to  4.04  per  cent  of  the  flour.  We  may  therefore  assume 
that  this  barley  flour  contained  about  four  per  cent,  of  the  alco- 
hol-soluble proteid,  hordein. 

PROTEID  INSOI.UBI.E  IN  WATER,  SAUNE   SOI.UTIONS,  AND 

ALCOHOL. 

The  proteids  thus  far  described  form  only  a  part  of  the  total 
proteids  of  the  seed.  One  hundred  grams  of  barley  flour  were 
extracted,  first,  with  a  large  excess  of  five  percent,  salt  solution 
and  then,  repeatedly,  with  hot  seventy-five  per  cent,  alcohol. 
The  residue,  washed  with  absolute  alcohol  and  thoroughly  air- 
dried,  w^eighed  seventj^-one  grams  and  contained   1.07  per  cent. 
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of  nitrogen.  The  air-dry  flour,  before  extraction,  contained  1.83 
per  cent,  of  nitrogen.  The  100  grams  of  flour  therefore  con- 
tained 1.83  grams  of  nitrogen  and  the  residue,  after  extraction, 
contained  0.76  grams.  The  nitrogen  removed  by  the  solvents 
therefore  amounted  to  58.3  per  cent,  of  the  whole. 

If  we  assume  that  the  nitrogen  all  belonged  to  proteid-matter 
containing  seventeen  per  cent,  of  nitrogen,  the  flour  included 
10.76  per  cent  of  proteids,  of  which  58.3  per  cent,  was  soluble  in 
the  reagents  used  in  extracting  the  proteids  already  described: 
We  have  therefore  10.76 — 6.28  =4.48  per  cent,  of  proteid  unex- 
tracted.  It  was  only  possible  to  obtain  this  proteid  by  treating 
the  residue  with  potash  water.  All  attempts,  however,  to  thus 
prepare  it  in  quantity  suflScient  to  yield  preparations  of  even 
approximate  purity  resulted  in  complete  failure. 

The  previous  extraction  of  the  flour  to  remove  the  proteids 
already  described  seemed  to  render,  to  a  great  extent,  the 
remaining  proteid  insoluble  in  potash  water  and  only  insignifi- 
cant precipitates  resulted  on  neutralizing  the  extracts.  The 
barley  flour  also  contained  a  large  quantity  of  gum  which  ren- 
dered the  filtration  of  the  alkaline  extract  very  difficult,  as  this 
gum  dissolved  freely  in  potash  water.  As  the  proteids  prepared 
from  the  barley  flour  are  all  so  similar  to  those  obtained  from 
wheat  flour  it  is  most  probable  that  this  seed  also  contains  a 
considerable  quantity  of  proteid  soluble  only  in  dilute  alkaline 
solutions,  but,  as  in  the  case  of  rye,  the  writer  was  unable  to 
obtain  results  of  any  value  whatever  in  regard  to  it. 

CONCI,USION. 

The  barley  kernel  contains  : 

I.  LeucQsin  coagulating  at  52**,  which  is  the  same  as  the  albu- 
min found  in  the  wheat  and  rye  kernels.  Its  composition,  as 
shown  by  the  average  of  six  analyses,  is : 

Carbon 52.81 

Hydrogen 6.78 

Nitrogen 16.62 

Sulphur 1.47 

Oxygen 22.32 

100.00 
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This  substance  forms  about  three-tenths  per  cent,  of  the  seed. 

II.  A  small  quantity  of  proteose,  the  reactions  and  composi- 
tion of  which  could  not  be  definitely  ascertained. 

III.  Edestin,  a  globulin  which  is  the  same  as  that  found  in 

the  wheat  and  rye  kernels  and  in  a  large  number  of  other  seeds. 

Its  composition  is  approximately  shown  by  the  figures  given 

below.     Owing  to  the  small  amount  of  this  body  and  the  difii- 

culty  in  preparing   it,    no  perfectly  pure    preparations    were 

obtained. 

Carbon 50.88 

Hydrogen 6.65 

Nitrogen i8.io 

f^^vi^^'X ,4.37 

Oxygen  J  ^ 

100.00 

This  is  the  proteid  commonly  known  as  vegetable  vitellin.  It 
is  precipitated  from  saline  solutions  by  dilution  and  by  dialysis, 
is  not  coagulated  by  heating  below  90"*,  and  above  that  tempera- 
ture only  partially.  It  is  not  precipitated  by  saturating  its  solu- 
tion with  sodium  chloride,  but  is  thrown  down  from  saline  solu- 
tions by  adding  acid. 

IV.  Hordein,    a  proteid  insoluble  in  saline  solutions,   very 

slightly  soluble  in  pure  water,  and  extremely  soluble  in  alcohol 

of   about    seventy-five  per  cent.     This   is  the   barley   proteid 

described  by  Ritthausen  as  mucedin.     It  has  almost  the  same 

physical  and  chemical  properties  as  gliadin  obtained  from  wheat 

and  rye  kernels  but  a  different  composition. 

Carbon 54*29 

Hydrogen 6.80 

Nitrogen 17.21 

Sulphur 0.83 

Oxygen 20.87 

100.00 

About  four  per  cent,  of  the  seed  consists  of  this  substance. 

V.  After  extracting  the  barley  flour  with  salt  solution  and 
with  alcohol  the  residue  still  contained  forty-two  per  cent,  of  the 
total  nitrogen,  corresponding  to  proteid-matter  equal  to  about 
four  and  five-tenths  per  cent,  of  the  flour.  It  was  not  possible 
to  extract  more  than  a  very  small  amount  of  this  residual  pro- 
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teid  with  dilute  potash  water,  as  the  treatment  for  removal  of  the 
other  proteids  rendered  it  insoluble,  if  it  were  not  so  already. 

VI.  The  barley  flour  contained  1.83  per  cent,  of  nitrogen,  and 
if  it  be  assumed  that  this  all  belonged  to  proteid-matter  with 
seventeen  per  cent,  of  nitrogen,  the  flour  would  contain  10.75 
per  cent,  of  proteids.  The  barley  accordingly  contained  about 
four  and  a  half  per  cent,  of  insoluble  proteid,  four  per  cent,  of 
hordein  soluble  in  dilute  alcohol,  three-tenths  per  cent,  albumin, 
and  1.95  per  cent,  of  globulin  and  proteose. 


THE  DETERHINATION  OF  NITROGEN  IN  FERTILIZERS 

CONTAINING  NITRATES.* 

By  H.  C.  Sherman. 

Received  April  13, 1895. 

AS  soon  as  the  accuracy  of  the  Kjeldahl  method  for  the  deter- 
mination of  nitrogen  was  generally  recognized,  attention 
was  turned  toward  the  discovery  of  some  simple  modification  by 
which  it  could  be  made  applicable  in  the  presence  of  nitrates. 

Asboth  (CAem.  Cenirdl.y  1886)  recommended  the  simple  addi- 
tion of  benzoic  acid  to  the  decomposing  mixture.  It  was  soon 
found  that  this  method  was  not  sufficient. 

The  following  year,  two  methods  were  brought  before  the  As- 
sociation of  Official  Agricultural  Chemists,  one  by  Mr.  Scovell, 
the  other  by  Mr.  Farrington.  The  principal  difference  consisted 
in  the  use  of  salicylic  acid  with  the  sulphuric  acid  to  fix  the 
nitrogen  oxides  by  the  former,  while  phenol  was  used  for  the  same 
purpose  by  the  latter.  Both  used  zinc  dust  as  the  reducing 
agent.  The  Scovell  method  was  adopted  and  remains  practi- 
cally unchanged. 

In  1890,  the  Association  sanctioned  the  use  of  zinc  sulphide  as 
a  reducing  agent.  In  case  of  its  use  the  acid  mixture  was  to 
contain  one  gram  of  salicylic  acid  instead  of  two.  The  use  of 
zinc  dust  with  two  grams  salicylic  acid  was  retained. 

In  1892,  sodium  thiosulphate,  which  had  been  used  for  redu- 
cing nitrates  in  the  Ruffle  method,  was  adopted  as  a  third  redu- 
cing agent,  and  it  was  directed  that  five  grams  of  the  crystalized 
salt  should  be  added  **  direct.** 

1  Read  before  Uie  Washington  Section. 
5-«i-95 
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In  1893,  the  use  of  zinc  sulphide  was  dropped,  (because  this 
reagent  was  likely  to  contain  nitrogen)  and  a  modification  of  the 
Gunning  method  was  adopted.  In  the  latter,  five  grams  of  thio- 
sulphate  and  one  gram  of  salicylic  acid  were  used  with  the  same 
amount  of  potassium  sulphate  as  in  the  plain  method  (ten  grams) . 
It  was  claimed  that  that  all  the  reagents  could  be  added  with  the 
substance,  but  further  trials  disproved  this,  and  in  1894  the  re- 
quirement of  first  mixing  the  substance  with  the  acid  mixture 
was  made  practically  the  same  as  in  the  modified  Kjeldahl. 

It  has  been  the  experience  of  the  writer,  and  the  amount  of 
work  which  has  been  done  by  the  Association,  indicates  that  it 
is  the  same  with  others,  that  the  determination  of  nitrogen  in 
fertilizers  containing  nitrates  is  attended  with  greater  difficulty 
than  in  those  free  from  nitrogen  in  this  form.  In  the  hope  of 
discovering  whether  this  is  due  to  any  considerable  extent  to  the 
official  methods,  and,  if  so,  the  reasons  therefor,  the  following 
experiments  were  undertaken. 

A  set  of  four  samples  was  first  prepared,  composed  of  the  fol- 
lowing materials : 

No.  I,  sodium  nitrate,  ammonium  sulphate,  potassium  chlo- 
ride, acid  phosphate. 

No.  2,  sodium  nitrate,  bone  phosphate,  dried  blood,  ammonite, 
marl  filler. 

No.  3,  sodium  nitrate,  tobacco  stems,  cottonseed-meal,  castor 
pomace. 

No.  4,  sodium  nitrate,  dried  fish,  natural  guano. 

In  each  case  all  the  materials,  except  the  nitrate,  were  first 
mixed,  ground  to  pass  through  a  five-tenths  mm.  sieve,  and  air- 
dried.  Nos.  1,2,  and  3  were  then  mixed  again,  and  the  per- 
centage of  nitrogen  carefully  determined  by  both  the  Kjeldahl 
and  Gunning  methods.  The  guano  used  in  preparing  No.  4 
contained  a  small  amount  of  nitric  nitrogen,  and  could  not  be 
determined  in  this  manner. 

An  air-dried  sample  of  sodium  nitrate  was  then  ground  to  p*ass 
through  the  same  sieve,  and  its  nitrogen  content  determined  by 
the  silica  fusion  method.  This  sample  was  then  carefully  mixed 
with  those  above  described  in  such  proportions  as  to  give  to  each 
the  desired  percentage  of  nitrogen.     Nos.  1,2,  and  3  were  cal- 
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culated  to  contain  ten  percent.,  eight  and  one-half  per  cent.,  and 
eight  and  one-half  per  cent,  respectively.  No.  4  was  expected 
to  show  about  eight  per  cent.  These  percentages  are  as  high  as 
are  likely  to  be  found  in  ordinary  mixed  fertilizers. 

The  materials  employed  represent  all  the  general  classes  of 
ingredients  commonly  used  in  this  section,  and  since  no  one  of 
them  composed  less  than  fifteen  percent,  of  the  mixture  in  which 
it  occurred,  any  effect  which  it  might  tend  to  produce  would  be 
almost  sure  to  be  noticeable  in  the  result. 

The  results  on  these  mixtures  by  the  official  methods  are  given 
in  Table  I. 

TABI.E  I.    Per  Cent  Nitrogen  Found  in  Known  Mixtures. 

No.  Calculated.  Modified  Kjeldahl       Modified  Gunning:. 

Zinc  dust. 

1 10.00  9.93  9.80 

2 8.50  8.51  8.50 

3 8.50  8.48  8.50 

4 8.12  8.08 

Except  in  the  case  of  No.  i,  the  figures  given  are  the  averages 
of  two  (and  only  two)  determinations.  The  greatest  difference 
between  duplicates  was  0.08  per  cent, ;  the  average  difference 
0.03  per  cent. 

Four  determinations  were  made  by  each  method  on  No.  i. 
These  are  given  below. 

The  official  methods  as  given  on  page  347  (Bui.  43,  U.  S. 
Dept.  of  Agr.,  Division  of  Chemistry)  were  followed  closely  with 
the  following  additional  precautions. 

1.  In  working  the  modified  KjeldAl  method,  the  zinc  dust  was 
added  through  a  funnel  tube,  very  slowly,  and  with  constant 
shaking.  About  two  minutes  is  required  to  add  the  zinc  dust  in 
this  way.  After  the  first  boiling,  the  flasks  were  allowed  to  cool 
somewhat  before  the  mercuric  oxide  was  added. 

2.  In  the  modified  Gunning  method,  the  boiling  was  continued 
about  thirty  minutes  after  the  contents  of  the  flask  had  become 
*  *  nearly  colorless. '  * 

To  test  these  points  determinations  were  made  on  Nos.  2,3, 
and  4  without  the  precautions  noted,  but  in  every  other  way  as 
above.  The  average  results,  together  with  those  given  above, 
are  shown  in  Table  II. 
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Tabu  II.    Showing  Epfbct  op  PsBCAirriONS  Notsd  Abovb. 

Modified  Kjeldahl:  Modified  Ganning: 

Zinc  added  in  Boilins:  stopped 

three   to  five  when  nearly 

_portion8  and  colorless. 

BgOatbotlinff 
No.  Calculated.        As  above.  heat.  As  above. 

2 8.50  8.5 1  8.47  8.50  8.55 

3 8.50  8.48  8.46  8.50  8.36 

4 8.10*  8.12  8.05  8.08  7.95 

Av.  8.37  8.37  8.33  8.36  8.22 

It  is  noticeable  that  the  duplicates  agreed  about  as  closely  as 
when  the  precautions  were  taken,  but  the  results  were  in  every 
case  too  low.  The  average  discrepancy  was,  in  the  Kjeldahl, 
0.04  per  cent. ;  in  the  Gunning,  o.  14  p^r  cent.  It  would  seem, 
therefore,  that  both  of  these  precautions  are  advisable,  and  the 
second  absolutely  necessary,  at  least  when  working  with  high 
percentages. 

Table  III  shows  the  results  obtained  on  No.  i  by  the  modified 
Kjeldahl  and  Gunning  methods,  and  by  Winton's  modification 
of  the  latter. 

• 

Tabi,e  III.    Resui^ts  on  Sabcplb  No.  I. 

Calculated.  Modified  Kjeldahl.    Modified  Gnnnii^.    Winton's  Modification. 

10.00  9.93  9.86  10.03 

9.98  9.72  9.97 

9-97  9.83  9.99 

9.84  9.80  10.02 


.  •  •  • 


•  •  •  • 


•  •  a 


Average  9.93  9.80  10.00 

The  results  by  Winton's  method  are  highly  satisfactory ;  those 
by  the  Kjeldahl  hardly  so  when  compared  with  the  other  sam- 
ples, while  the  Gunning  gives  results  which  are  entirely  too  low 
to  be  called  good. 

Winton's  modification  of  the  Gunning-Kjeldahl  method  is 
essentially  as  follows :  The  substance  is  treated  with  the  usual 
acid  mixture  and  allowed  to  stand  two  hours,  with  frequent  shak- 
ing. Two  grams  of  zinc  dust  are  then  added  and  the  first  heat- 
ing performed  as  in  the  Kjeldahl.  Potassium  sulphate  is  then 
added  and  the  operation  finished  as  in  the  Gunning  method.    It 

1  Average  by  both  methods,  see  above. 
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is,  therefore,  a  combination  of  the  two  with  the  improvement  of 
the  longer  digestion  in  the  acid  mixture. 

To  return  to  the  results  on  sample  No.  i,  since  all  the  mixtures 
contain  more  or  less  phosphoric  acid,  the  only  substances  pecu- 
liar to  this  sample  are  ammonium  sulphate  and  potassium  chlo- 
ride. Since  ammonium  sulphate  is  formed  in  the  process  and  is 
the  final  form  of  all  nitrogen  present,  its  presence  in  the  sample 
could  hardly  account  for  the  discrepancy,  which,  therefore,  ap- 
pears to  be  due  to  the  chloride. 

In  looking  over  the  record  of  the  Association  of  Official  Agri- 
cultural Chemists,  we  find  that  the  modified  Kjeldahl  method 
has  been  tested  by  the  Association  in  the  year  of  its  adoption 
and,  with  one  exception,  every  year  since  on  from  one  to  five 
samples.  Only  four  of  these  have  contained  chlorides,  and  only 
one  in  any  considerable  quantity.  The  modified  Gunning  has 
been  tested  by  the  Association  on  only  one  sample  containing 
chlorides.  These  samples  with  the  approximate  percentages  of 
chlorine,  total  nitrogen,  and  nitric  nitrogen,  and  the  variation  in 
results  reported,  expressed  in  percentage  of  total  nitrogen  pres- 
ent, are  shown  in  Table  IV.  All  results  which  are  so  far  from 
the  average  as  to  indicate  accident  are  omitted,  according  to  the 
custom  followed  by  the  reporters  of  the  Association  in  averaging 
their  results. 

Tablk  IV.    Association  of  Officiai,  Agricui.tural  Chemists. 

Sampi^bs  Containing  CifU>RibKS. 


Chlorine,  viTStL     M«^,iJ?^«      Variation, 
oer  cent   Nitrogen,    Nitrogen,  ^ 

per  ceni.  .  ,       per  cent. 


Sample                         Method  ^^  ^^^^'  per  cent,  per  cent. 

No.  4,  1888  Modified  Kjeldahl        5               3.16  1.64  33.4 

No;  I,  1889             "               **               1.5           15.91  15.91  3.0 

No.  3,  1889             "               **               2.5             3.55  1.48  14.1 

No.  2,  1893             "               *'               1.5             5.77  3.47  8.8 

No.  2,  1893  Modified  Gunning        1.5            5.77  3.47  7.5 

To  further  test  this  question,  determinations  were  made,  in 
duplicate,  on  samples  Nos.  2,  3,  and  4,  with  one-half  gram  of 
potassium  chloride  added.  Table  V  shows  the  average  results 
with  and  without  chlorides,  the  methods  being  carried  out  in 
exactly  the  same  way  as  before. 
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Tabi<b  V.    Per  Cent  Nitrogen  Found  With  and  Without  Chlorides. 

Modified  Kjeldabl.  Modified  Gunnins:. 

No.               Calculated.         Without  KCl.      With  KCl.     Without  KCl.      With  KCl. 
2 8.50  8.51  8.37  8.50  8.35 

3 8.50  8.48  8.40  8.50  8.25 

4 8.10  8.12  8.04  8.08  7.92 

Average       8.37  8.37  8.27  8.36  8.17 

A  portion  of  the  sodium  nitrate  used  in  preparing  these  mix- 
tures was  no\v  taken.  It  had  shown  by  the  silica  fusion  method 
16.41  per  cent,  nitrogen.  The  modified  Kjeldahl  showed  16.39 
per  cent  and  16.38  per  cent. 

Portions  of  one-half  gram  were  taken  for  each  determination, 
and  mixed  with  the  same  amount  of  potassium  chloride.  The 
digestion  was  carried  out  in  the  usual  way. 

The  results  were : 

Modified  Kjeldahl.  Modified  Gunning. 
16.32  15.82 

16.09  15.68 

15.96  15.83 

15.97  15.46 
16.23  16.02' 

15.95  15.99* 

16.07  15.86* 

16.13 

The  Winton  modification  was  then  tried  and  care  taken  to  warm 
gently  for  some  time  after  adding  zinc  dust  before  raising  the 
heat,  which  was  done  gradually. 

Results  were : 

16.27 
16.30 
16.30 
16.34 

Average    16.30 

Indicating  that  the  greatest  care  in  the  reduction  process  will 
not  entirely  prevent  loss. 

To  ascertain  more  definitely  at  what  stage  in  the  operation  the 
loss  occurs,  mixtures  of  one  gram  each  sodium  nitrate  and 
potassium  chloride  were  treated  as  in  an  analysis,  and  the  gases 
escaping  from  the  flask  were  made  to  pass  through  a  bulb-tube 

1  Two  grams  salicylic  acid  used. 
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containing  potassium  hydroxide.     The  nitrates  and  nitrites  thus 

recovered  were  converted  into  ammonia  and  estimated  by  means 

of  Nessler's  reagent,  using  for  comparison  a  solution  of  ammonium 

chloride  containing  o.oooi    gram  nitrogen  in  each  cc.     The 

operation  was  divided  into  four  stages :   (a)  addition  of  sulphuric 

salicylic  acid  mixture ;    (b)  addition  of  reducing  agent ;  (c) 

gentle  heating  till  frothing  ceased  ;   (d)  brisk  boiling  for  a  few 

minutes.     After  evolution  of  gas  h'ad  ceased  in  the  first  and 

second  stages,  and  after  removal  of  the  flame  in  the  fourth,  a 

glass  tube  was  inserted  through  the  stopper  reaching  nearly  to 

the  surface  of  the  liquid,  the  bulb-tube  attached  to  an  aspirator, 

and  the  gases  contained  in  the  flask  thus  drawn  through  the 

alkali.     The  following  table  (VI)  shows  the  results  obtained, 

expressed  in  terms  of  per  cent,  nitrogen  on  the  basis  of  one  gram 

substance : 

Table  VI 

Nitrogen  Recovered. 
Temper-  b,c. 

Reducing  Agent  used,      ature.  a.  b.  c.  d.  Total.       and  d. 

Zinc  dust 20^  0.023  0.006  0.026  0.008  0.063  0.040 

**        •*      24°  0.027  0.005  0'034  0.013  0.079  0-052 

Na^SiOj  in  presence 

of  K,S04 22°  0.090  0.027  o.o6i  0.017  0.195  0.105 

Na^SjO,  in  absence 

of  K2SO4 20°  0.090  0.027  0.035  0.013  0.165  0.075 

Zinc  dust* 27°  0.039  o.ooi  0.006  o.oii  0.057  0.018 

Where  zinc  dust  was  used  the  acid  mixture  contained  two 
grams  of  salicylic  acid  ;  where  thiosulphate  was  used,  one. 

The  results  indicate  :  i.  That  the  greatest  losses  occur  on  the 
addition  of  the  acid  mixture  and  on  the  first  application  of  heat. 
The  former  is  thought  to  be  due  to  the  liberation  of  hydrochloric 
acid  in  direct  contact  with  the  nitrate  before  the  mass  has  become 
thoroughly  wetted  by  the  sulphuric  salicylic  acid  mixture. 

2.  The  total  loss  exclusive  of  the  first  stage  is  greater  with 
thiosulphate  than  with  zinc  dust,  and  appears  to  be  greater  when 
potassium  sulphate  is  added  with  the  thiosulphate  than  when 
the  latter  is  added  alone.  By  exercising  care  in  the  addition  of 
the  reducing  agent  and  the  application  of  heat,  the  loss  in  the 
last  three  stages  is  reduced  to  a  very  small  amount. 

1  Some  precautions  taken  as  in  working  Winton's  modification  on  mixture  of  nitrate 
and  chloride,  see  above. 
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3.  At  a  given  temperature,  the  loss  on  addition  of  acid  is 
greater  where  the  mixture  containing  less  salicylic  acid  is  used. 

4.  Using  the  same  quantity  of  salicylic  acid,  the  loss  on  addi- 
tion of  the  acid  mixture  appears  to  increase  with  the  tempera- 
ture. 

5.  The  total  amount  of  nitrogen  recovered  being  less  than  the 
average  discrepancy  showed  by  analysis  under  similar  condi- 
tions, it  appears  probable  that  there  may  be  some  loss  later  on 
in  the  process. 

These  facts  explain  why  the  Kjeldahl  gave  better  results  on  a 
mixture  of  nitrate  and  chloride  than  did  the  Gunning ;  while 
the  Winton  gave  better  than  either. 

In  this  connection  the  heat  generated  on  the  addition  of  the 
reducing  agent  is  of  interest.  The  average  of  seven  determina- 
tions each  on  zinc  dust  and  thiosulphate,  both  added  in  the  usual 
way,  showed,  for  the  former,  an  increase  of  temperature  of  21°  ; 
for  the  latfer,  of  40*". 

In  the  opinion  of  the  writer,  the  prolonged  digestion  of  the 
Winton  method  is  useful,  in  the  presence  of  chlorides,  not  only 
in  securing  complete  solution  of  the  nitrate,  but  also  in  allowing 
the  contents  of  the  flask  to  cool  (for  the  heat  generated  by  the 
action  of  the  acid  mixture  on  the  chlorides  is  considerable)  and 
to  absorb  a  slight  amount  of  moisture  from  the  air,  thus  render- 
ing the  action  less  violent  when  zinc  dust  is  added. 

Mixtures  of  one-half  gram  each  sodium  nitrate  and  potassium 
chloride,  treated  with  acid  mixture  cooled  down  to  8°,  and 
digested  as  in  the  Winton  method  before  addition  of  zinc  dust, 
showed  by  the  modified  Kjeldahl  method  16.34  per  cent,  and 
16.32  per  cent.,  or  99.6  per  cent,  of  the  amount  found  in  the 
absence  of  chlorides. 

Determinations  by  the  modified  Gunning  on  the  same  mix- 
tures, in  which  the  acid  mixture  was  cooled  to  from  8°  to  12**,  the 
thiosulphate  added  slowly  and  with  constant  shaking  and  cool- 
ing of  the  flask,  and  the  boiling  continued  some  time  after  the 
liquid  had  become  colorless,  showed  16.02  per  cent.,  15.88  per 
cent.,  16.16  per  cent.,  and  15.99  per  cent.;  average,  16.01  per 
cent.,  or  only  97.8  per  cent,  of  the  amount  found  when  chlorides 
were  not  present. 
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Determinations  on  the  same  sample  of  pure  nitrate  alone  by 
the  modified  Gunning  method,  carried  out  in  slightly  different 
ways,  gave  the  following  results  : 

As  usually  carried  out  with  mixed  fertilizers,  16.16  percent, 
and  16.13  per  cent. 

Thiosulphate  added  first  and  heated  before  adding  potassium 
sulphate,  16.16  per  cent,  and  16.24  per  cent. 

Thiosulphate  added  slowly  with  shaking  and  cooling,  but 
digestion  stopped  as  soon  as  liquid  became  colorless,  16.10  per 
cent. 

Thiosulphate  added  as  above,  digestion  continued  one  hour 
after  colorless,  16.31  per  cent;  and  16.32  per  cent. 

As  above,  permanganate  used,  16.37  per  cent. 

Modified  Kjeldahl,  using  thiosulphate  (five  grams  added 
direct),  showed  16.37  per  cent,  and  16.36  per  cent. 

It  may  be  well  to  state  now  that  all  the  results  given  in  this 
paper  are  corrected  for  reagents.  At  first  a  blank  was  run  with 
every  five  determinations.  After  three  or  four  such  blanks  had 
been  made  for  each  method  and  found  to  agree  closely,  their 
average  was  taken  and  applied  to  every  result  obtained  by  that 
method.  Whenever  it  was  necessary  to  change  any  of  the 
reagents,  another  blank  was  run. 

The  results  here  given  would  seem  to  warrant  the  following 
conclusions. 

1 .  For  ordinary  fertilizers  containing  little  or  no  chlorides, 
the  official  methods  are  perfectly  reliable  if  the  directions  are 
followed  closely  and  the  digestion  in  the  modified  Gunning  is 
continued  for  at  least  a  short  time  after  the  liquid  has  become 
practically  colorless.  The  discrepancies  which  sometimes  occur 
under  these  circumstances  are  believed  to  be  due  to  faulty  pre- 
paration of  the  sample. 

2.  In  working  with  samples  containing  considerable  amounts 
of  chlorides,  it  is  advisable  to  use  the  modified  Kjeldahl  (zinc 
dust)  method  and  to  cool  the  acid  mixture  before  adding  it  to 
the  substance.  It  appears  advisable  also  to  digest  for  some  time 
at  ordinary  temperature  before  adding  zinc  dust.  No  way  has 
been  found  by  which  equally  accurate  results  can  be  obtained  by 
the  modified  Gunning  method  in  the  presence  of  large  amounts 
of  chlorides,  together  with  high  percentages  of  nitric  nitrogen. 
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3.  When  determining  high  percentages  of  nitric  nitrogen  by 
the  modified  Gunning  method,  it  is  necessary  either  to  continue 
the  boiling  for  some  time  after  the  contents  of  the  flask  have 
become  colorless,  or  to  use  permanganate  to  complete  the  action. 

Maryland  Agricultural  Collbcb, 
College  Park,  Md., 
February  20,  1895. 


ON  CONDENSATION;    AND  ESPECIALLY  ON  THE 
CONDENSATION  OF  NITRIC  ACID.* 

By  Bdward  Hart. 
Receired  January  7,  1895. 

THE  ideal  condenser,  economically  considered,  is  the  one 
simplest  in  construction,  most  accessible  for  repairs  or  other 
purposes,  and  which,  with  a  given  efficiency,  requires  the  least 
cooling  liquid.  The  old-fashioned  worm  is  certainly  far  removed 
from  this  ideal.  The  Liebig's  condenser  is  a  nearer  approach. 
If  the  space  between  the  inside  and  outside  tube  in  Liebig's 
apparatus  is  made  narrow  enough  it  is  possible  to  effect  complete 
condensation  in  a  relatively  short  tube,  and  to  raise  the  cooling 
liquid  to  boiling  temperature.  At  first  sight  it  would  seem  that 
this  gives  a  maximum  efficiency ;  but  it  does  not.  If  the  water 
used  as  cooling  liquid  has,  at  the  start,  a  temperature  of  o**,  and, 
as  it  issues  from  the  condenser,  a  temperature  of  loo*",  the  heat 
absorbed  by  a  given  weight  of  water  is  approximately  lOO  units. 
If,  however,  the  cooling  liquid  can  also  be  made  to  evaporate, 
the  heat  absorbed  is  much  larger  in  amount,  and  is  equal  to  loo 
units  plus  the  amount  required  to  evaporate  it  (526  units).  This 
makes  in  all  626  units,  or  an  efficiency  six  times  as  great.  In 
the  Liebig's  condenser,  also,  the  liquid  condensed  is  cold  or  nearly 
so.  In  many  cases  this  is  not  necessary  and  then  an  additional 
loss  is  sustained. 

In  the  apparatus  which  I  shall  describe  a  very  brief  considera- 
tion will  show  that  the  maximum  of  efficiency  may  be  attained. 
For,  first,  the  cooling  water  is  evaporated ;  second,  the  condensed 
liquid  is  boiling  hot. 

This  condenser  I  have  used  in  several  modified  forms  adapted 

"i-  A  papei*  with  this  title  was  read  at  the  World's  Congress  of  Chemists,  Chicagro, 

August  26,  1893.    The  present  paper  has  been  revised  to  accord  with  more  recent  experi- 
euce  and  practice. 
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to  various  special  putposes,  among  otherd,  to  the  cooling  of 
ammonia  gas  and  the  condensation  of  nitric  acid. 

In  its  simplest  form,  as  used  for  preparing  distilled  water  for 
example,  the  apparatus  consists  of  a  pipe  with  return  bands 
placed  one  above  the  other,  so  that  the  vapor  passes  through 
the  pipe  in  an  upward  direction,  first  right  then  left  then  right 
again,  and  so  on,  the  bends  rising  one  directly  over  another.' 
This  pipe  should  be  so  large  in  diameter  that  the  liquid  may 
flow  down  in  the  lower  part  of  the  tube  while  the  vapor  is  pass- 
ing upward  above  it.  For  the  same  reason  each  bend  of  the 
pipe  should  have  a  slight  rise  so  that  the  water  may  run  down 
more  rapidly.  At  the  lower  end  the  pipe  should  be  enlarged 
and  provided  with  an  inverted  siphon  to  act  as  a  trap  and  carry 
off  the  condensed  water.  If,  now,  steam  be  passed  up  the  pipe 
and  water  showered  over  the  topmost  bend,  the  water  will,  as  it 
trickles  down,  become  heated  and  evaporate.  It  is  clear  that 
by  properly  regulating  the  flow  of  steam  and  of  water,  we  may 
secure  complete  condensation  of  the  former  and  complete  evapo- 
ration of  the  latter ;  at  the  same  time  the  condensed  water  as  it 
passes  from  the  trap  will  have  the  boiling  temperature.  The 
cooling  effect,  if  the  apparatus  is  placed  in  the  open  air,  is  greater 
even  than  theory  would  predict  for  we  have  the  additional  cool- 
ing effect  of  the  air.  I  have  used  this  apparatus  also  for  the 
separation  of  water  vapor  from  ammonia  gas,  and  for  cooling 
the  latter  previous  to  condensing  it.  The  conditions  here  are 
much  the  same  as  in  the  apparatus  for  distilled  water.  It  is 
necessary  to  keep  the  condensed  water  at  boiling  heat  to  pre- 
vent reabsorption  of  ammonia,  and  in  practice  we  find  that  very 
little  ammonia  is  contained  in  this  condensed  water.  The 
inclined  tube*  acts  besides  as  a  very  effective  washer  for  the  gas, 
completely  removing  any  impurities  mechanically  carried  over 
from  the  still.  If  it  is  desired  to  cool  the  condensed  liquid,  this 
is  best  done  in  a  smaller  apparatus  of  the  same  sort  in  which  the 
current  of  liquid  passes  in  an  upward  direction. 

In  the  condensation  of  nitric  acid  the  substances  which  can  be  . 
used  for  the  condenser  are  glass  and  stoneware,  and  it  is  there-* 
fore  best  to  modify  the  apparatus  somewhat,  for  the  sake  of  sim- 

1 1  have  previously  described  a  form  of  this  apparatus  which  may  be  used  for  frac- 
tional distillation.    See  Am.  Chem.  J., 6, 178. 
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plicity  and  for  decreasing  the  pressure  in  the  pipes,  which  causes 
loss  and  annoyance  by  leakage  through  joints,  and  pinholes  in 
the  stoneware.     With  this  in  view  the  stream  of  vapor  has  been 
subdivided  by  passing  it  through  a  number  of  glass  tubes  with 
slight  fall  sufficient  to  allow  the  condensed  liquid  to  flow  back 
into  the  receiver.     In  the  apparatus  shown  in  the  figure,  the 
upright  tubes   at  either  side 
are   made  of  stoneware,  the 
connecting  tubes  are  of  thin 
glass.     The  pipe  A,  made  of 
stoneware,  carries  the  nitric 
acid  vapors   from   the  retort 
into  the  pot  B  provided  with 
a  stopper,  D,  which  is  taken 
out  if  frothing  should  occur 
and  allows  the  froth  to  escape 
without  danger  of  filling  the 
condenser.     The  vapors  pass 
up  into  C  and  are  distributed 
through  the  glass  tubes  luted  into  it.     The  condensed  acid  runs 
back  and  is  discharged  through  the  glass  trap  I  into  the  con- 
tainer J. 

The  use  of  the  glass  tube  is  of  great  advantage  since  the  color 
and  amount  of  acid  can  be  seen  throughout  the  distillation  and 
the  firing  regulated  accordingly.  From  the  pot  the  vapors 
ascend  into  the  stoneware  pipe  and  pass  through  the  nearly 
horizontal  glass  pipes  let  into  it  into  another  similar  stoneware 
tube  on  the  left,  from  which  the  chlorine  and  lower  oxides  of 
nitrogen  escape  to  the  chimney  or  tower.  These  tubes  are 
slightly  inclined,  and  the  acid  condensing  runs  back  into  the 
pot.  In  running  back  it  becomes  very  hot  by  contact  with  the 
vapors  coming  over  and  is  deprived  of  the  oxides  of  nitrogen. 
Condensation  is  effected  by  running  water  over  the  glass  tubes 
from  the  perforated  pipe  above. 

This  apparatus  is,  to  a  certain  degree,  self- regulating.  It 
'  never  happens  that  the  tubes  condense  the  gas  in  equal  amount. 
One  of  them  is  thinner  or  a  little  widei,  and  as  condensation  is 
more  rapid  the  flow  of  gas  into  the  tube  is  more  rapid.     But,  in 
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any  event,  the  pressure  is  equal  in  all  the/tubes,  and  only  when 
the  distillation  is  hurried  too  much  will  any  uticondensed  vapor 
pass  through.  There  are  fifteen  tubes  to  each  condenser  about 
an  inch  in  diameter  and  six  feet  long. 

Two  of  these  condensers  have  been  in  use  for  nearly  two  years 
at  the  works  of  Baker  and  Adamson,  Easton,  Pa.,  and  the  sys- 
tem has,  therefore,  had  a  thorough  test.  The  retorts  used  here 
are  cylindrical,  as  shown  in  the  cut,  and  are  made  entirely  of 
cast  iron  with  iron  heads.  The  niter-cake  is  drawn  while  fluid. 
These  retorts  each  hold  a  charge  of  1,000  pounds  sodium  nitrate. 
They  are  charged  at  7  a.  m.  and  the  operation  finished  at  3.  p  m., 
a  total  of  eight  hours.  The  best  practice  by  the  Griesheim  sys- 
tem is,  ordinarily,  a  charge  of  eight  cwt.  in  twenty-four  hours; 
under  favorable  conditions,  and  with  a  good  fireman,  sixteen 
hours  are  needed. 

The  floor-space  required  in  this  apparatus  is  reduced  to 
a  minimum.  The  condensers  are,  as  shown  in  the  cut,  placed 
over  and  above  one  side  of  the  brick  arch  which  covers  the 
cylindrical  retort,  so  that  absolutely  no  additional  floor-space  is 
required,  all  that  is  needed  being  sufficient  room  to  pass  con- 
veniently between  the  retorts. 

One  man  can  run  several  retorts.  All  the  assistance  needed  is 
that  of  a  helper  in  discharging  the  retorts  and  in  emptying 
the  salt  cake  from  the  pans.  These  operations  will  require, 
perhaps,  half  an  hour  each. 

In  another  place  I  have  already  (/.  AnaJ,  Appl.  Chem.,  5» 
382)  pointed  out  the  advantages  of  giving  a  cylindrical  form  to 
the  retort,  which  requires  less  floor-space,  less  cost  for  masonry, 
and  is  less  expensive  in  coal  consumption.  The  form  I  have 
used  is  very  much  superior  to,  and  quite  different  from,  any  of 
the  patterns  shown  by  Guttmann  (/.  Sac,  Chem,  Ind,,  12,  203). 
In  brief,  this  new  form  of  condenser  has  the  following  good 
points : 

1 .  It  gives  great  efficiency  with  small  first  cost. 

2.  It  requires  but  little  water. 

3.  It  requires  but  little  floor-space. 

4.  It  reduces  the  pressure  and  so  reduces  leakage. 

5.  It  is  easily  and  cheaply  repaired. 
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SOrXE  POINTS  IN  THE  DISTILLATION  OF  NITRIC  ACID.' 

By  Bdward  Hakt. 
RccdTwl  January  7,  iS^ 

IN  a  previous  paper  I  described  a  tube  condenser  for  use, 
among  other  things,  in  the  condensation  of  nitric  acid. 
Further  experience  with  this  condenser  has  enabled  us  to  obtain 
still  better  results.  We  can  now  obtain  a  distillate  very  low  in 
nitrogen  peroxide.  The  specific  gravities  of  the  distillate  are 
about  as  follows : 

X8t  distillate Sp.  grr.,  1.537 

and  "       ••  1.526 

3rd  "       ••  1.523 

4th  "       "  1.512 

5th  "       ••  1.504 

6th  "       ••  1.493 

7th  ♦*       "  1.487 

8th  "       •'  1.485 

9th  ••     • "  1.474 

10th  "       **  1.448 

nth  *• "  1.300 

The  amount  of  fuel  necessary  is  surprisingly  low  if  proper  care 
is  taken.  For  the  distillation  of  i,ooo  pounds  nitrate,  we  use 
regularly  but  150  pounds  of  pea  anthracite  coal,  working  day 
turn  only ;  this  is,  no  doubt,  largely  due  to  the  short  time  within 
which  the  distillation  has  been  brought  by  the  use  of  this  con- 
denser, the  distillation  proper  occupying  but  six  hours,  and  the 
entire  time,  including  charging  and  discharging,  eight  hours. 
During  the  night  the  retort  and  masonry,  of  course,  cool  off.  I 
have  no  doubt  that  by  running  two  shifts — day  and  night — the 
coal  necessary  could  be  brought  within  125  pounds  for  the  same 
weight  of  nitrate. 

Source  of  the  Nitrogen  Peroxide  Produced.— Th^  contrast  in 
color  between  nitric  acid  produced  on  the  small  scale  in  glass, 
and  that  made  on  the  large  scale  in  iron  retorts,  is  very  notice- 
able and*  I  have  been  at  some  pains  to  look  into  the  cause,  since 
this  formation  often  represents  a  dead  loss  to  the  manufac- 
turer. I  shall  later  on  call  attention  to  a  period  in  the  ordinary 
distillation  during  which,  with  no  increase  in  the  firing,  the  acid 

1  Read  at  the  Boston  Meeting,  Dec.  27, 1894. 
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comes  over  very  rapidly.  It  has  often  been  noticed  that  during 
this  stage,  the  acid  is  unusually  white.  I  attribute  this  to  the 
rapidity  with  which  the  gas  passes  from  the  retort,  and  conse- 
quent decrease  in  decomposition  caused  by  the  radiated  heat. 
The  same  thing  is  noticed  by  distilling  in  glass.  Certainly, 
therefore,  part  of  the  nitrogen  peroxide  is  due  to  too  long  heat- 
ing of  the  vapor,  and  the  importance  of  an  e£ficient  condenser 
and  a  rapid  distillation  is  evident. 

The  effect  of  concentration  of  the  vitriol  on  the  color  is  very 
evident.  The  ease  with  which  concentrated  nitric  acid  is  decom- 
posed is  well-known  and,  as  might  be  expected,  the  strong  acid 
made  from  distilled  vitriol  and  dry  nitrate  shows  much  stronger 
color  than  that  made  from  the  less  concentrated  materials.  In 
glass,  heating  over  a  Bunsen,  such  acid  may  be  obtained  with- 
out difficulty  of  only  a  pale  straw  color,  but  in  the  ordinar)-  iron 
retort  the  crude  aqua  fortis  will  frequently  contain  as  much  as 
three  per  cent,  nitrgen  peroxide. 

It  is  the  common  opinion  among  acid  makers  that  part  of  this 
color,  perhaps  a  large  part,  is  due  to  action  of  the  acid  on  the 
iron.  In  most  cases  this  is  no  doubt  true,  as  the  retort,  as  ordi- 
narily set,  is  but  imperfectly  heated  at  the  ends.  In  the  retorts 
which  I  have  been  using,  however,  the  retorts  are  enHrely  sur- 
rounded with  the  fire  gases.  It  is  quite  possible,  however,  that 
even  here  the  iron  is  notably  attacked.  Part  of  the  color,  no 
doubt,  arises  from  impurity  of  the  materials — chlorine,  organic 
material,  and  iron  in  solution  principally — but  I  suspect  that 
this  is  responsible  for  only  a  part  of  the  trouble.  A  gen- 
tleman who  has  for  years  carried  on  the  distillation  of  nitric 
acid  on  the  large  scale,  recently  informed  me  that  he  had  dis- 
tilled fused  nitrate  and  white  vitriol  in  iron  with  no  perceptible 
diminution  of  the  color  in  the  product. 

As  stated  in  the  books,  the  only  reactions  occurring  are 

NaNO.+  H.SO,  =  NaHSO,+  HNO.,  or 
2NaN0,  +  H,SO,  =  Na,SO,  +  2HNO,. 

In  practice  only  the  first  reaction  is  usually  employed,  espe- 
cially where,  as  in  acid  for  mixed  acids,  to  be  used  for  nitroglyc- 
eroly  the  product  must  be  as  concentrated  as  possible.     In  this 
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connection,  however,  one  point  I  think  should  be  noted  that 
seems  to  have  escaped  attention,  that  is,  that  with  weak  vitriol 
the  water  is  largely  retained  by  the  cake  until  the  last  stage  of 
the  operation,  and  greatly  assists  thd  decomposition  giving  a 
fair  acid  and  a  cake  which  is  practically  infusible.  If,  however, 
strong  vitriol  is  used,  the  decomposition  is  incomplete  and  the 
acid  exceedingly  red. 

The  Frothing, — This  matter  of  frothing  is  one  that  frequently 
gives  great  trouble  to  the  nitric  acid  distiller,  especially  where 
weak  acid  ^nd  wet  nitrate  are  used.  The  frothing  begins  in 
such  cases  after  about  seven-elevenths  of  the  acid  has  distilled 
over. 

This  is  easily  demonstrated  by  conducting  a  distillation  in 
glass  with  acid  of  1.80  sp.  gr.,  or  less.  The  trouble  becomes 
then  plainly  apparent,  and  is  evidently  due  to  the  decomposition 
of  the  NaHSO^  at  first  produced  into  Na,S,0^  and  water: 
2NaHSQ^  =  Na^SjO,  +  H^O.  That  this  is  the  reason  may  easily 
be  demonstrated  by  heating,  in  another  similar  retort  a  mixture 
of  dry  sodium  sulphate  and  sulphuric  aqid.  We  then  have 
NaHSO^  formed,  and  on  continuing  the  heat  the  same  frothing 
is  noticed,  although  the  distillate  is,  of  course,  entirely  free  from 
nitric  acid.  Frothing  over  is  prevented  by  giving  sufficient 
capacity  to  the  retort,  and  by  care  and  skill  in  firing.  Neither 
alone  is  sufficient  to  prevent  it. 

Rate  of  Distillation, — One  of  the  most  remarkable  things  in 
the  distillation,  especially  noticeable  in  glass  and  with  pure  dry 
materials,  is  the  variation  in  the  rate  of  distillation  and  the  almost 
explosive  evolution  of  acid,  which  takes  place,  for  a  short  period, 
after  about  three-tenths  of  the  acid  has  distilled  over.  For  exam- 
ple :  In  distilling  in  glass  200  grams  sodium  nitrate  and  235 
grams  distilled  sulphuric  acid,  the  proportions  required  by  the 
equation  NaNO,  +  H,SO,=  NaHSO,  +  HNO.,  the  following 
results  were  obtained.  It  should  be  understood  that  the  Bunsen, 
over  which  the  operation  was  conducted,  was  allowed  to  remain 
untouched,  except  where  noted,  and  that  the  apparatus  was 
shielded  from  air  currents.  The  thermometer  bulb  was  shielded 
from  radiation  by  placing  it  within  a  porcelain  crucible  in  the 
retort. 
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Time  Tempera-     Tempera-      Aciddis- 

Time.  interval.  ture.        ture  interval,     tilled.  Remarks. 

t  :  46 :  40  X08*  ...  . .  Distillation  begrun. 

3  :48  :a3  1:43  "<>'  a*  5 

2  :  50  :  20  I  :  57  II3*  3*  10 

2  :  52  :  30  2  :  10  117'  4*  15 

2  :  55  :  15  2  :  45  124*  f  20 

2  :  59  :  00  3  :  50  128*  4*  25 

3  :  02  :  00  3  :  00  133*  5*  30              Froth  rises. 

3  :  02  :  55  o  :  55  las*  —8*  35  Froth  very  high. 

3  :  03  :  30  o :  35  125*  o*  40  Froth  sinking. 

3  :  04  :  00  o  :  30  125*  o*  45  No  froth 

3  :  04  :  45  o :  45  126*  i*  50  No  froth. 

i  Mushy  mass  fusing  to 
3  :  17  :  40  12  :  55  '35*  9  55  \     dear  liquid  below. 

3  :  23  :  30                 5  :  40  148'  13*  60  Half  fused. 

3:38:30  157'  9*  65  Three-fourths  fused. 

(Piece  of  cake  dropped 
into  fused  mass,  low- 
ering temperature. 

-«     I  Acid  not  running,  cl^r 

3  :  52  .  00  i5>r     I     fusion,  lamp  turned  up. 

3:58:30  170*  12*  75  No  froth. 

4:03:00  .••••  178*  8*  80  No  froth. 

4  :  04  :  45  180*       Lamp  turned  still  higher. 

4:06:00  194*  14*  85  Slight  froth. 

4 :  08  :  15  200*  6*  90  Half-inch  froth. 

.  .  )  Retort  full  of  froth  dur- 

4- "1 20  220  2o'  20  j     ing  this  interval. 

^  -.  -  ^  J  Froth  gone,  lamp 

4:^6:00  246*  26  96  j     turnldout. 

The  drop  of  the  temperature  at  133**  is,  I  think,  unmistakable,  and 
reminds  one  of  the  rise  of  temperature  produced  in  the  crystalli- 
zation of  a  supersaturated  solution.  There  we  have  the  change 
from  the  fluid  to  the  solid  condition — ^here  from  the  solid  to  the 
fluid.  This  explosive  evolution  is  noticeable  also  in  distilling 
in  iron  on  the  large  scale  and,  perhaps,  explains  in  part  the 
difficulty  nitric  acid  makers  have  hitherto  had  in  properly  con- 
densing their  product.  By  proper  firing,  and  with  a  properly 
set  retort,  this  difficulty  is  lessened. 

To  decompose  strong  nitric  acid  by  heat  or  by  its  action  on 
iron,  and  then  to  drive  off  the  nitrogen  peroxide  with  great  pains 
and  loss,  is  evidently  a  clumsy  and  probably  unnecessary  opera- 
tion. I  shall,  therefore,  make  a  determined  effort  to  so  arrange 
the  retort  that  this  will  be  in  future  unnecessary.  There  would 
seem  to  be  no  insuperable  obstacle  in  the  way  of  so  conducting 
the  distillation  that  even  the  first  distillate  would  be  of  a  pale 
straw  color,  like  that  made  in  glass,  and  quite  fit  for  the  manu- 
facture of  dynamite  and  other  nitro  compounds  with  no  purifica- 
tion whatever. 
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The  use  of  nitro  compounds  has,  of  late  years,  become  so  large 
that  a  rational  method  of  conducting  the  process  of  nitric  acid 
distillation  is  imperatively  called  for. 

Berthelot  has  shown  that  strong  nitric  acid  is  completely  decom- 
posed at  about  360°  into  nitrogen  peroxide,  oxygen,  and  water. 
It  is  certain  that  with  the  retorts  entirely  surrounded  by  fire 
gases  the  temperature  of  the  upper  part  of  the  retort  exceeds 
100®.  It  is  not  surprising,  therefore,  that  the  first  distillate 
should  show  a  dark  red  color.  A  recent  distillation  in  glass, 
with  pieces  of  cast  iron  immersed  in  the  mixture  of  acid  and 
nitrate,  gave  no  additional  color  to  the  first  distillate. 
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CoD-LiVER  Oiiv  AND  CHEMISTRY.  By  F.  Peckei.  Moixer,  Ph.D.  Lon- 
don :  Peter  Moller.  New  York  :  Wm.  H.  Schieffelin  &  Co.  Printed 
for  private  distribution. 

This  book  is  really  two  books  in  one.  The  first  part  treats  of 
cod-liver  oil,  the  methods  of  catching  the  fish,  the  preparation  of 
the  oil,  and  an  account  of  its  constituents.  We  learn  that  cod- 
liver  oil  was  originally  made  from  fresh  cod-livers  by  the  steam 
process,  by  Peter  Moller,  in  1853.  The  oil  so  prepared  was  a 
great  improvement  over  the  older  product  prepared  by  the  putre- 
faction of  the  livers.  It  stilly  however,  caused  disagreeable  after- 
effects when  exhibited,  and  to  remedy  this  an  investigation  was 
undertaken  by  P.  M.  Hyerdahl,  presumably  in  the  employ  of 
Peter  Moller.  Mr.  Hyerdahl  finds  that  the  disagreeable  after- 
effects are  caused  by  the  presence  of  hydroxy  acids  in  the  oil, 
and  that  these  may  be  excluded  by  rendering  the  livers  in  an 
atmosphere  of  carbon  dioxide.  This  process  is  now  carried  out 
by  Peter  Moller,  therefore  buy  your  cod-liver  oil  of  this  firm. 
The  deduction  is  not  so  stated  in  the  book,  which  is  well  written 
and  gives  a  very  readable  account  of  the  subject,  but  the  adver- 
tising purpose  is  obvious. 

It  is  a  pity  that  Mr.  Hyerdahl* s  work  was  not  made  known 
through  the  regular  channels — the  Berkhte  for  example.  Chem- 
ists will  be  apt  to  look  with  suspicion  upon  statements  so  obvi- 
ously interested. 
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The  second  part  of  the  book  is  a  treatise  on  organic  chemistry 
of  an  original  sort.  The  author  has  used  the  Daltonian  symbols 
in  modified  form,  and  the  result  is,  as  might  have  been  expected, 
that  the  poor  devil  of  a  printer  has  had  a  hard  time  of  it.  So 
long  as  printing  is  done  as  at  present,  authors  should  beware  of 
using  new  characters ;  by  so  doing  they  not  only  increase  the 
already  difficult  task  of  the  printer  but  really  put  themselves  at 
his  mercy.  If  only  one  printer  have  the  character  he  must  be 
allowed  to  do  the  printing  of  course.  While  such  symbols  have 
certain  advantages,  their  disadvantages  seem  greater.  Only 
a  few  people  seem  to  be  able  to  remember  that,  after  all,  our 
symbols  represent  only  very  imperfect  knowledge,  and  that  they 
are  only  tentative.  A  chemist  can,  therefore,  read  this  treatise 
with  interest  and  profit;  it  can  scarcely  be  considered  a  good 
book  for  beginners,  but  it  was  probably  not  intended  for 
beginners.  Edward  Hart. 

The  Increasb  in  Weight  of  Tin  and  Lead  on  Cai^cination.  By 
Jean  Rey,  1630.  Alembic  Club  Reprints,  No.  11.  54  pp.  Edinburgh: 
William  F.  Clay.  1894. 

Rey  is  one  of  the  less  well-known  investigators  of  the  seven- 
teenth century.  He  is  properly  to  be  classed  with  Hooke, 
Mayow,  and  Boyle,  or  the  Oxford  School  of  Chemists,  as  Thorpe 
has  fitly  called  them,  in  their  work  upon  the  increase  of  weight 
of  the  metals  when  calcined,  and  the  part  played  by  the  air  in 
these  processes.  That  which  Thorpe  has  so  well  done  for  the 
others  is  now  done  for  Rey  in  this  little  book.  The  quaintness 
of  the  original  is  well  preserved  in  the  translation,  and  the  book 
is  very  valuable  as  giving  an  insight  into  the  wisdom  and  the 
childishness  of  the  times.  His  self-applause  in  the  triumphant 
summing  up  of  the  evidence  in  support  of  his  theory,  that  the 
air  played  an  important  part  in  the  phenomena  observed,  is 
delicious. 

The  Alembic  Club  is  doing  a  most  valuable  work  for  the 
science  in  the  republication  of  these  early  essays.  They  are  in- 
teresting and  helpful  to  the  earnest  student  and  should  have  a 
wide  circulation.  F.  P.  Venable. 
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THE  CHEMICAL  NATURE  OF  DIASTASE." 

By  Thomas  b.  Osbornb. 

Received  April  s,  i895> 

FEW  substances  are  of  more  importance  or  of  more  interest 
than  the  en^mes  or  unorganized  ferments,  yet  our  knowl- 
edge relating  to  these  bodies  is  almost  wholly  confined  to  the 
products  of  their  activity  and  the  conditions  under  which  this  is 
manifested.  Although  the  existence  of  these  ferments  was  rec- 
ognized early  in  the  present  century,  our  information  in  respect 
to  their  true  nature  is  exceedingly  limited  and  unsatisfactory. 
It  was  for  a  long  time  supposed  that  the  active  substance  caus- 
ing a  fermentative  change  is  a  soluble  proteid,  and  the  power  of 
inducing  such  change  seems  by  many  to  have  been  ascribed  to 
soluble  proteid  matter  in  general.  Later,  this  power  was  thought 
to  be  restricted  to  special  forms  of  proteid,  but  no  sufficient  evi- 
dence was  brought  forward.  Of  late  years  investigators  have 
undertaken  to  isolate  ferments  and  prepare  them  in  a  state  of 
purity.  The  results  of  these  attempts  have  led  to  very  conflict- 
ing conclusions  respecting  the  character  of  these  bodies.  Some 
of  the  so-called  pure  preparations  of  ferments  have  had  the  prop- 
erties of  the  proteids,  and  have  more  or  less  agreed  with  them  in 
composition,  while  others  have  differed  widely  from  the  proteids 
in  both  respects. 

It  still  seems  to  be  the  opinion  of  many  that  the  enzymes  are 

1  Read  before  the  New  York  Section,  December,  1894.    Reprinted  from  the  Report  of 
the  Connecticut  Agricultural  Experiment  Station,  1894. 
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in  fact  true  proteids  and  that  the  ferments  thus  far  supposed  to 
be  obtained  in  a  state  of  purity  were  simply  somewhat  contami- 
nated with  other  substances.  This  opinion  is  based  on  the  fact 
that  all  those  changes  which  are  ascribed  to  the  action  of  enzymes 
occur  only  in  solutions  which  contain  proteid  matter,  and  that 
the  activity  of  the  ferment  is  greatly  influenced  by  conditions 
known  to  have  a  pronounced  action  on  proteids,  such  as  heat,  the 
presence  of  acids  and  alkalies,  salts  of  the  heavy  metals,  etc. 

The  first  discovered  and  one  of  the  most  carefully  studied  of 
these  ferments  is  diastase.  The  practical  application  of  the  ac- 
tion of  diastase  in  the  manufacture  of  alcohol  and  of  malt  liquors 
has  given  rise  to  careful  and  extended  studies  of  the  conditions 
affecting  the  activity  of  this  ferment,  and  the  result  of  these 
studies  has  led  some  to  the  opinion  that  the  active  substance  is 
the  albumin  present  in  the  malt  extracts.  The  conversion  of 
starch  into  maltose  and  dextrin  by  diastase  increases  in  rate  and 
extent  as  the  temperature  of  the  solution  is  raised,  until  the  heat 
reaches  the  point  at  which  the  albumin  begins  to  coagulate. 
The  ferment  then  begins  to  lose  power,  and,  when  the  heat  is 
sufficient  to  completely  coagulate  the  albumin,  its  amylolytic 
action  ceases  entirely.  In  1883,  C.  Lintfier,  Jr.,  showed  that  the 
diastatic  power  of  fifteen  different  samples  of  malt  was  very 
nearly  proportional  to  the  amount  of  coagulable  albumin  which 
they  contained.  In  1886,  however,  C.J.  Lintner  prepared  dias- 
tase in,  as  he  supposed,  a  state  of  purity,  and  came  to  the  conclu- 
sion that  the  results  of  his  analysis  of  diastase  indicate  that,  in 
the  ferments,  we  have  a  special  class  of  proteid  substances.  The 
composition  of  Lintner*s  purest  diastase  differed  much  from  that 
01  the  proteids,  since  it  contained  only  two-thirds  as  much  nitro- 
gen and  also  less  carbon.  His  diastase  furthermore,  failed  to 
give  the  reaction  with  cupric  sulphate  and  potassium  hydroxide 
which  is  characteristic  of  proteid  matter.  These  results  of  Lint- 
ner*s  threw  much  doubt  on  the  hypothesis  that  the  vegetable 
albumin  is  identical  with  diastase. 

In  my  investigations  of  the  proteids  of  wheat,  rye,  and  barle^^ 
I  found  in  all  these  grains  the  same  albumin  and  was  impressed 
with  the  close  relation  between  the  temperature  at  which  this 
albumin  coagulates  and  the  temperature  at  which  diastase  begins 
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to  lose  its  activity.  The  aqueous  extracts  of  these  seeds,  as  is 
well  known,  possess  considerable  diastatic  power,  and  it  seemed 
to  be  more  than  probable  that  this  was  due  to  the  albumin.  I 
accordingly  undertook  an  investigation  of  this  subject,  and  I  now 
offer  the  results  thus  far  obtained,  which  are  preliminary  to  a 
more  extended  study. 

The  usual  method  of  preparing  vegetable  enzymes  is  to  treat 
the  aqueous  or  glycerol  extract  containing  them  with  alcohol  as 
long  as  a  precipitate,  having  fermentative  power  appears,  to  pu- 
rify this  by  repeated  precipitation  from  its  solution  in  water,  by 
means  of  alcohol,  and  finally  to  subject  the  aqueous  solution  to 
dialysis  to  remove  salts.  This  method  is  wholly  unsuited  to 
yield  pure  preparations,  because  the  precipitate  produced  by  al- 
cohol contains  not  only  a  large  amount  of  carbohydrates  and 
salts,  but  also  nearly  all  of  the  various  forms  of  proteid  matter 
present  in  the  extract.  I^intner  employed  this  method,  and 
there  can  be  no  doubt  that  he  obtained  a  mixture  of  proteids 
with  other  substances  which  defied  all  attempts  at  further  sepa- 
ration. 

The  most  rational  method  (hitherto  very  little  used)  is  first 
to  separate  the  proteids  from  the  carbohydrates  and  other  soluble 
substances  by  saturating  the  extract  with  ammonium  sulphate « 
thereby  precipitating  the  ferment  and  proteids  together,  next  to 
remove  the  proteid  existing  as  globulin,  by  dialysis,  and  then,  if 
possible,  to  separate  the  albumin  and  proteoses  by  fractional  pre- 
cipitation with  alcohol.  In  following  this  method,  a  measured 
quantity  of  malt  extract  was  saturated  with  ammonium  sulphate, 
the  precipitated  proteid  matter  was  filtered  out,  dissolved  in 
-water,  and  the  clear  filtered  solution  made  up  to  the  volume  of 
the  original  extract.  This  solution  was  found  to  have  the  same 
diastatic  power  as  before  precipitation,  thus  showing  that  ammo- 
nium sulphate  had  not  injured  the  diastase.  Throughout  my 
work  diastatic  power  has  been  measured  by  Lintner's  method, 
which  gives  a  very  ready  means  of  accurately  comparing  differ- 
ent preparations.  This  method  consists  in  adding  to  each  of  a 
series  of  carefully  measured  volumes  of  the  solution  cpntaining 
definite  amounts  of  the  diastatic  preparation,  ten  cc.  of  a  two  per 
cent^  solution  of  soluble  potato  starch,  and  allowing  the  ferment 


590  THOMAS  B.  OSBORNE. 

to  act  upon  the  starch  for  one  hour  at  the  ordinary  temperature 
of  the  room.  At  the  end  of  this  time  five  cc.  of  Fehling's  solu- 
tion are  added  to  each  portion  and  the  mixtures  are  heated  for 
ten  minutes  in  a  boiling  water-bath.  After  the  precipitated  cu- 
prous oxide  has  settled,  where  too  little  sugar  has  been  formed 
to  precipitate  all  the  copper,  the  liquids  will  be  blue ;  if  sugar  is 
in  excess  they  will  be  yellow.  The  one  colorless  liquid  that  should 
result  gives  the  measure  of  diastatic  power.  Lintner  represented 
the  value  of  his  most  active  preparation  by  loo,  and  that  of  the 
other  preparations  by  figures  stating  the  amount  of  each  neces- 
sary to  give  a  complete  reaction  with  Fehling's  solution  under 
the  above  conditions,  in  comparison  with  his  most  active  prepa- 
ration, of  which,  under  the  conditions  of  the  test  just  described, 
twelve  one-hundreths  of  a  milligram  completely  reduced  the  five 
cc.  of  Fehling's  solution. 

For  the  sake  of  comparison  I  have  measured  the  activity  of  my 
preparations  by  the  same  standard,  so  that  a  preparation  whose 
activity  is  given  as  200  means  that  six  one-hundreths  of  a  milli- 
gram sufficed  to  give  a  complete  reduction. 

As  Lintner  recommended  extracting  the  malt  with  water  con- 
taining twenty  per  cent,  of  alcohol  instead  of  pure  water,  since 
thereby  less  foreign  matter  was  removed  with  the  proteid,  this 
procedure  was  first  tried.  Fifteen  hundred  grams  of  ground  air- 
dried  malt,  prepared  in  the  laboratory,  were  treated  with  three 
liters  of  twenty  per  cent,  alcohol,  the  extract  squeezed  out  in  a 
press,  and  the  residue  again  treated  with  another  liter  of  the  same 
dilute  alcohol.  Three  liters  of  extract  were  obtained  which, 
after  being  filtered  clear,  were  saturated  with  ammonium  sul- 
phate. Owing  to  the  presence  of  the  alcohol  much  less  ammo- 
Ilium  sulphate  was  dissolved  than  by  a  water  extract,  and  the  pro- 
teids  were  consequently  incompletely  precipitated .  The  precipitate 
obtained  was  treated  with  water  and  a  considerable  quantity  of 
insoluble  matter,  consisting  mostly  of  globulin,  rendered  insolu- 
ble by  contact  with  the  reagents,  was  filtered  out.  The  solution 
was  saturated  with  ammonium  sulphate,  and  the  precipitate  dis- 
solved ill  water.  This  clear  solution  was  then  dialyzed  in  water 
for  some  days,  and  after  filtering  from  a  slight  deposit  was  dial- 
yzed in  alcohol  of  0.845  sp.  gr.  for  forty-eight  hours.  • 
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As  the  water  passed  out  of  the  dialyzer  faster  than  the  alcohol 
entered,  the  solution  became  concentrated  and  a  considerable  pre- 
cipitate formed.  This  was  filtered  out  and  washed,  first  with 
dilute  alcohol  and  afterwards  with  absolute  alcohol,  and  dried 
over  sulphuric  acid.  This  preparation,  i,  when  thus  dried,  dis- 
solved in  water  with  the  exception  of  a  not  inconsiderable  resi- 
due. When  filtered  clear,  the  solution,  on  heating,  gave  an 
abundant  coagulum,  and  after  boiling  and  filtering  out  the  coag- 
ulum,  the  filtrate  gave  a  strcJng  pink  color  with  dupric  sulphate 
and  potassium  hydroxide,  showing  the  presence  of  proteose. 
The  diastatic  power  of  this  preparation,  in  comparison  with  Lint- 
ni^r's  best  was  eighty-six,  but,  as  it  was  afterward  found  to  con- 
tain a  comparatively  small  amount  of  ash,  the  test  was  repeated 
w^ith  the  addition  of  a  few  milligrams  of  sodium  chloride  and  then 
found  to  equal  150. 

The  composition  of  preparation  i  was  as  follows : 

Prbparation  I. 

Ash-free. 

Carbon 52.55 

Hydrogen 6.48 

Nitrogen 16.41 

J"'?""} 24.S6 

Oxygen  * 

100.00 
Ash. 2.29 

These  figures  indicate  that  this  preparation  consisted  almost 
wholly  of  proteid  matter,  and  the  reactions  proved  the  presence 
of  at  least  three  forms;  namely,  coagulated  proteid,  albumin, 
and  proteose.  This  mixture  was  one  and  a  half  times  more 
active  than  Lintner*s  most  energetic  preparation,  and  contained 
about  six  per  cent,  more  nitrogen  and  one-half  as.  much  ash. 
The  composition  of  the  preparation  is  very  similar  to  that  of  the 
coagulated  albumin-like  body  obtained  from  wheat,  rye,  and  bar- 
ley, and  for  which  I  have  adopted  the  name  leucosin.  As  this 
albumin  has  been  found  to  have  the  same  composition,  whether 
coagulated  by  heat  or  by  alcohol,  and  as  most,  if  not  all  of  the 
proteidshave  identical  composition  (so  far  as  analysis  can  show) , 
in  the  soluble  and  the  coagulated  states,  it  seems  probable  that 
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preparation  i  consisted  mostly  of  coagulated  and  soluble  leuco- 
sin  together  with  a  little  proteose. 

The  filtrate  from  this  preparation  on  addition  of  absolute  alco- 
hol, yielded  a  small  precipitate,  2,  which  dissolved  wholly  in 
water  and  gave  only  a  very  slight  coagulum  on  heating,  but  a 
strong  pink  biuret  reaction,  showing  it  to  be  mostly  proteose. 
Its  diastatic  power  was  only  nineteen. 

As  above  stated,  owing  to  the  presence  of  alcohol,  saturation 
of  the  original  extract  of  malt  with  kmmonium  sulphate,  precip- 
itated only  a  part  of  the  proteids.  Accordingly  the  filtrate  from 
this  first  precipitation  was  dialyzed  for  twenty-four  hours,  so  as 
to  remove  most  of  the  alcohol,  and  was  again  saturated  with  anj- 
monium  sulphate.  The  resulting  precipitate  was  dissolved  in 
water,  filtered  from  a  slight  residue,  and  the  clear  solution  dial- 
yzed until  nearly  all  the  ammonium  sulphate  was  removed.  The 
dialyzer  was  then  transferred  to  alcohol  and  left  for  forty-eight 
hours.  The  resulting  precipitate  was  then  filtered  out  and  treated 
in  the  manner  before  described.  After  dr5ang,  this  substance, 
preparation  3,. like  preparation  i,  consisted  of  insoluble  proteid, 
soluble  leucosin,  and  proteose.  Its  diastatic  power  was  133,  and 
it  had  the  following  composition : 

Preparation  3. 

Ash-free. 
I.  II.  Average. 

Carbon 52.34  52.34 

Hydrogen 6.73  ....  6.73 

Nitrogen 15.90  I5»92  15.91 

Sulphur  \  ^^  ^o 

'^         >     •...  25.02 

Oxygen  J 

100.00 
Ash 0.82 

The  filtrate  from  this  preparation  was  next  treated  with  a 
large  quantity  of  absolute  alcohol,  and  the  contained  proteid 
completely  thrown  down.  This  substance,  preparation  4,  dis- 
solved entirely  in  water  ;  its  solution  yielded  but  a  trace  of  coag- 
ulum on  heating,  and  when  boiled  and  filtered  gave  a  strong 
proteose  reaction.  It  contained,  ash-free,  only  12.02  per  cent, 
of  nitrogen,  and  had  a  diastatic  activity  of  11. 
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These  results  prove  that  extraction  of  the  malt  with  twenty 
per  cent,  alcohol  is  not  suited  for  a  subsequent  precipitation  of 
the  proteids  with  amnioniura  sulphate ;  that  otherwise  the 
method  is  capable  of  yielding  preparations  of  diastase  of  high 
fermentative  power,  which  to  a  certain  extent  can  be  separated 
into  fractions  containing  the  different  forms  of  proteid  matter  ; 
that  the  fractions  including  the  greatest  amount  of  soluble  albu- 
min have  the  greatest  diastatic  power ;  and  that  a  part  at  least 
of  the  proteose  is  almost,  if  not  entirely,  free  from  this  power. 

Another  extraction  was  made  on  a  much  larger  scale,  so  that 
the  fractional  precipitations  might  be  more  numerous,  and  the 
fractions  examined  more  closely. 

Ten  kgms.  of  malt  were  exhausted  with  water  and  the  extract 
was  saturated  with  pure  and  neutral  ammonium  sulphate.  The 
very  bulky  precipitate  was  suspended  in  four  liters  of  water  and 
dialyzed  until  much  of  the  sulphate  had  been  removed  and  the 
precipitated  proteid  largely  dissolved.  The  solution  was  then 
filtered  from  an  insoluble  residue  consisting  mostly  of  globulin, 
and  the  clear  filtrate  was  saturated  with  ammonium  sulphate. 
The  precipitate  thus  obtained  was  suspended  in  1500  cc.  of  water 
and  was  dialyzed  until  nearly  all  the  sulphate  had  been  removed 
and  the  precipitate  mostly  dissolved.  The  globulin  contained 
in  the  extract  was  thus  largely  separated  and,  after  it  had  been 
filtered  out,  the  clear  solution  was  dialyzed  into  an  equal  vol- 
ume of  alcohol  of  0.84  sp.  gr.  After  forty-eight  hours  the  pre- 
cipitate, number  i,  which  had  separated,  was  filtered  out  and 
set  aside  for  further  examination.  The  filtrate  was  again  dialyzed 
into  an  equal  volume  of  alcohol  of  0.84  sp.  gr.,  and  after  forty- 
eight  hours  another  precipitate,  II,  obtained.  The  filtrate  was 
further  dialyzed  into  a  rather  large  quantity  of  somewhat  stronger 
alcohol,  and  precipitate  III  separated,  and  by  similarly  treating 
the  filtrafte  from  this,  precipitate  IV  was  obtained,  the  filtrate 
from  which,  on  adding  a  large  quantity  of  absolute  alcohol, 
yielded  precipitate  V.  All  the  proteid  in  the  extract  was  thus 
separated.  Precipitate  I  was  much  contaminated  with  coloring- 
matter,  II  less  so,  and  III  was  nearly  colorless,  as  were  also  IV 
and  V. 

The  approximate  weights  of  each  of  these  precipitates  was  as 
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follows:  I,  thirteen  grams ;  II,  eight;  III,  six;  IV,  five;  and 
V,  three,  a  total  of  thirty-five  grams. 

Precipitate  I  was  treated  with  water  and  found  to  be  very 
largely  insoluble.  The  insoluble  matter  was  filtered  out 
and  washed  with  water,  and  the  clear  solution  was  dialyzed  for 
several  days  to  remove  all  the  salts.  No  proteid  was  thus  pre- 
cipitated, and  the  dialysis  was  continued  in  strong  alcohol, 
thereby  throwing  down  all  but  a  trace  of  proteid.  The  precipi- 
tate, preparation  5,  weighed  2. 11  grams.  After  drying,  it  dis- 
solved in  water  with  the  exception  of  a  small  residue,  and  its 
solution  when  slowly  heated  became  turbid  at  65°  and  deposited 
flocks  at  70°.  After  boiling  and  filtering  out  the  slight  coagu- 
lum,  the  solution  gave  a  strong  pink  reaction  with  the  biuret 
test.  These  tests  show  the  preparation  to  consist  largely  of  pro- 
teose.    Its  composition  was  as  follows  : 

Preparation  5. 

Ash-free. 

Carbon 53-i6 

Hydrogen 7.03 

Nitrogen 16.50 

Sulphur 1.50 

Oxygen 21.81 

100.00 
Ash 0.49 

With  Lintner's  test  this  preparation  showed  a  diastatic  power 
of  thirty. 

The  insoluble  residue,  remaining  after  treating  precipitate  I 
with  water,  was  thoroughly  extracted  with  ten  per  cent,  sodium 
chloride  solution ;  what  remained  insoluble  in  this  menstruum 
was  filtered  out  and  the  clear  solution  dialyzed  until  free  from 
chlorides.  The  precipitate  thus  formed,  preparation  6,  weighed 
one  and  two-tenths  grams,  and  after  drying  was  not  soluble  in 
water,  but  dissolved  readily  and  nearly  completely  in  salt  solu- 
tion, having,  as  was  to  be  expected,  the  properties  of  a  globulin. 
This  substance  had  a  very  slight  diastatic  power,  and  its  sodium 
chloride  solution  when  heated  slowly  became  turbid  at  60**,  a 
few  flocks  appearing  at  65°,  due  to  a  trace  of  albumin.  Its  com- 
position was  as  follows : 
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Preparation  6. 

Ash-free. 
Carbon 53'i  i 

Hydrogen 6.45 

Nitrogen 15.78 

^^^P^^^X     24.66 

Oxygen  > 

100.00 
Ash 0.75 

The  filtrate  from  preparation  6  still  contained  proteid  matter 

which  was  separated  by  dialysis  in  alcohol.     Preparation  7  was 

so  obtained,  weighing  1.54  grams,  having  the  same  properties  as 

6,  and  the  following  similar  composition  : 

Preparation  7. 

Ash-free. 
Carbon 53.58 

Hydrogen 6.70 

Nitrogen 15-87 

s^^p^^n 23.8s 

Oxygen  /  '^    ^ 

100.00 
Ash 1.43 

After  extracting  precipitate  I  with  water  and  salt  solution  a 

very  considerable  part  still  remained  undissolved.     This  was 

treated  with  water  to  remove  all  the  salt,  and  then  with  alcohol, 

and  was  dried  over  sulphuric  acid.     This  preparation,  8,  weighed 

eight  grams  and  was  quite  dark  in  color.     It  had  the  properties 

of  an  insoluble  form  of  globulin,  being  dissolved  in  one-half  per 

cent,  sodium  carbonate  solution  and  precipitated  therefrom  by 

neutralization.     Its  composition  was  nearly  the  same  as  that  of 

the  two  last  globulin-like  preparations  and  is  probably  a  so-called 

*  *  albuminate ' '  derived  from  that  substance.     The  composition 

of  preparation  8  was : 

Prrparation  8. 

Ash-free. 
Carbon 53.55 

Hydrogen 7.01 

Nitrogen I5'72 

Sulphur 1.23 

Oxygen 22.49 

100.00 
Ash 1 .09 

Precipitate  II  was  treated  with  water  and  the  solution  thus 
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formed  was  dialyzed  in  water  for  several  days  and  then  in  alco- 
hol for  twenty-four  hours.  A  quantity  of  absolute  alcohol  was 
finally  added  to  the  contents  of  the  dialyzer,  thus  completely 
precipitating  the  proteid.  This  preparation,  after  drying,  was 
almost  wholly  soluble  in  water,  and  when  heated  slowly  its  solu- 
tion became  turbid  at  60''  and  deposited  flocks  at  66°.  The 
amount  of  proteid  thus  coagulated  was  somewhat  greater  than 
was  given  by  preparation  5,  and  its  diastatic  power  was  likewise 
greater,  being  seventj'^-five.  Analysis  showed  its  composition  to 
be  as  follows : 

Preparation  9. 

Ash-free. 

Carbon 53-19 

Hydrogen 6.71 

Nitrogen 16.74 

Sulphur 1.38 

Oxygen 21.98 

100.00 
Ash 0.78 

This  preparation  contained  a  slight  amount  of  insoluble  mat- 
ter, some  albumin  and  much  proteose. 

The  residue  of  precipitate  II,   which  was  not  dissolved  by 

water,  was  treated  with  sodium  chloride  solution  and  the  clear 

extract  dialyzed  till  free  from  chlorides,  but  as  no  precipitate 

was  produced,   the  dialyzer  was  transferred  to   alcohol   when 

preparation  10  separated,  weighing  0.49  gram,  and  containing, 

ash-free,  15.18  per  cent,  of  nitrogen.     It  is  probable  that  this  is 

the  same  globulin  obtained  in  larger  quantity  from  precipitate  I, 

but  less  pure.      That  part  of   precipitate  II  which  remained 

undissolved  after  extracting  with  water  and  salt  solution,  was 

then  washed  thoroughly  with  water  and  with  alcohol,  yielding 

preparation  II,  which  weighed  5  grams  and  had  the  following 

composition : 

Preparation  ii. 

Ash-free 

Carbon 53.51 

Hydrogen  6.75 

Nitrogen 15-76 

Sulphur 1. 12 

Oxygen 22.86 

100.00 

Ash 0.66 
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These  figures  show  that  precipitate  II  contained  less  globulin 
and  proportionately  more  leucosin  and  proteose  than  precipitate 
I  and  it  was  accordingly  found  to  be  more  powerfully  diastatic. 

Precipitate  III  was  in  turn  treated  with  water,  the  resulting 
extract  filtered  clear,  dialyzed  for  several  days  in  water,  and  then 
in  alcohol,  absolute  alcohol  being  finally  added  in  quantity  to 
the  contents  of  the  dialyzer.  The  resulting  precipitate,  prepara- 
tion 12,  weighed  three  grams.  It  was  almost  completely  soluble 
in  water,  and  its  solution  when  slowly  heated  became  turbid  at 
'  55°  and  flocculent  at  6o**.  The  amount  of  this  coagulum  was 
much  greater  than  that  yielded  by  preparation  9.  The  filtrate 
from  the  coagulum  gave  a  strong  proteose  reaction.  The  diasta- 
tic power  was  222,  indicating  the  presence  of  much  more  dias- 
tase than  any  of  the  preceding  preparations.     Its  composition 

was  as  follows : 

Preparation  12. 

Ash-free. 

Carbon 52.80 

Hydrogen 6.96 

Nitrogen 16.09 

Sulphur 1.45 

Oxygen 22.70 

100.00 
Ash 0.59 

The  residue  of  precipitate  III  was  digested  with  salt  solution, 
the  filtered  extract  was  dialyzed  in  water  till  free  from  chlorides, 
and  then,  as  no  proteids  separated,  the  dialysis  was  continued 
in  alcohol.  Only  0.28  gram  of  proteid  resulted,  which,  without 
correction  for  ash,  contained  12.53  per  cent,  of  nitrogen.  This 
was  marked  preparation  13,  and  considered  to  be  impure  globu- 
lin. 

The  part  of  precipitate  III  still  undissolved  was  washed  with 
water  and  with  alcohol,  yielding  preparation  14,  which  weighed 
2.87  grams.     This  had  the  following  composition  : 

Preparation  14. 

Ash-free. 

Carbon 53.25 

Hydrogen 7.65 

Nitrogen 16.12 

Sulphur 1.38 

Oxygen 21.60 

I 
100.00 

Ash 0.55 
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This  preparation  has  a  somewhat  higher  nitrogen  and  lower 
carbon  content  than  preparations  8  and  1 1 ,  which  is  probably 
due  to  its  being  a  mixture  of  the  insoluble  form  of  the  globulin 
with  some  insoluble  albumin  coagulated  by  the  long  contact 
with  alcohol  to  which  it  had  been  subjected.  This  is  to  be  ex- 
pected, as  precipitate  III  contained  relatively  more  albumin  than 
precipitates  I  and  II. 

Precipitate  IV  was  next  treated  with  water,  the  solution  fil- 
tered clear,  dialyzed  for  some  days  in  water,  and  afterwards 
transferred  to  alcohol,  and  the  dialysis  continued.  Absolute 
alcohol  was  then  added  to  the  contents  of  the  dialyzer,  giving 
preparation  15,  weighing  four  grams.  This  substance  dissolved 
in  water  to  a  nearly  clear  solution,  which,  when  filtered  per- 
fectly clear  and  heated  carefully,  became  turbid  at  50°  and  gave 
a  large  coagulum  at  56°.  After  heating  the  solution  and  filter- 
ing off  the  coagulum,  a  good  reaction  for  proteose  was  obtained 
with  the  biuret  test.  This  preparation  had  a  diastatic  power  of 
600.  As  this  was  a  much  more  powerful  ferment  than  any  yet  pro- 
duced, its  properties  were  carefully  studied  and  will  be  described 
at  length  later.  When  analyzed  this  substance  was  found  to 
have  the  following  composition  : 

Preparation  15. 

Ash-free. 

Carbon 52.50 

Hydrogen 6.72 

Nitrogen 16. 10 

Sulphur i 1.90 

Oxygen 22.78 

100.00 
Ash  .....* 0.66 

It  will  be  noticed  that  the  sulphur  in  this  preparation  is  a  lit- 
tle higher  than  in  the  preceding  preparations,  which  is  probably 
due  to  its  containing  some  sulphate. 

The  part  of  precipitate  IV  which  did  not  dissolve  in  water 
was  treated  with  salt  solution,  but  no  globulin  was  extracted. 
The  residue  was  then  washed  with  water,  giving  preparation 
16,  which  weighed  0.9  gram  and  had  the  following  composition : 


i 
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Preparation  i6. 

Ash-free. 

Carbon 53*42 

Hydrogen 7.15 

Nitrogen 16.65 

S"1P1»"   I     22.78 

Oxygen    ' 

100.00 
Ash 0.24 

The  composition  of  this  insoluble  product  shows  it  to  be  prob- 
ably coagulated  leucosin. 

A  portion  of  precipitate  V,  when  treated  with  water,  was 
found  to  dissolve  completely.  It  was  therefore  washed  with 
absolute  alcohol,  yielding  preparation  27,  which  weighed  2.87 
grams.  The  clear  solution  of  this  substance  when  heated 
became  turbid  at  50°,  and  yielded  a  small  coagulum  at  58°. 
Boiled  and  filtered,  a  strong  pink  coloration  was  given  with  the 
biuret  test,  thus  showing  it  to  consist  mostly  of  proteose.  The 
diastatic  power  of  this  substance  was  60,  only  one-tenth  that  of 
preparation  15.     Its  composition  was  : 

Preparation  17. 

Ash-free. 

Carbon 51.21 

Hydrogen 6.52 

Nitrogen i5-4o 

s^^p^"""!  26.87 

Oxygen  ' 

100.00 
Ash 2.37 

The  lower  nitrogen  content  of  this  preparation  indicates  that 
the  strong  alcohol  had  thrown  down,  together  with  the  proteids, 
some  non-nitrogenous  substances. 

Much  is  to  be  learned  by  studying  these  results  which  will  be 
of  service  in  future  attempts  to  isolate  pure  diastase. 

In  the  first  place,  it  is  plain  that  we  have  in  our  malt  extract 
a  globulin,  an  albumin,  and  at  least  one,  more  probably  two, 
forms  of  proteose.  I  believe  the  substance  soluble  in  salt  solu- 
tion to  be  a  true  globulin,  since  it  so  readily  assumes  an  insolu- 
ble form,  and  also  because  a  much  larger  quantity  of  the  same 
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body  was  obtained  by  extracting  with  ten  per  cent,  salt  solution, 
the  malt  residue  remaining  after  the  extraction  with  water.  I 
also  think  that  at  least  two  forms  of  proteose  are  present,  for  the 
water-soluble  portion  of  precipitate  I  consisted  chiefly  of  pro- 
teose, as  did  also  precipitate  V.  The  amount  of  proteose  dimin- 
ished from  precipitate  I  to  precipitate  IV,  which  contained  the  least, 
while  precipitate  V,  which,  it  will  be  remembered,  was  thrown 
down  by  adding  to  the  solution  a  very  large  amount  of  absolute 
alcohol  was  mainly  proteose.  A  part  of  the  proteose  was  pre- 
cipitated by  alcohol  more  readily  than  the  albumin,  while 
another  part  was  less  readily  precipitated.  Beside  the  albumin, 
globulin,  and  proteose,  we  have  also  to  take  account  of  the 
**  albuminate'*  or  insoluble  forms  of  the  albumin  and  globulin. 
The  results  of  this  extraction  show  that  the  globulin  is  rendered 
insoluble  more  rapidly  than  the  albumin,  so  that  precipitation 
with  alcohol  and  solution  in  water,  repeated  a  few  times,  may  be 
depended  upon  to  remove  the  foianer.  Whether  repeated  frac- 
tional precipitation  can  be  employed  to  completely  separate  the 
albumin  from  the  proteoses  is  not  so  certain.  The  albumin  is 
thrown  down  from  the  malt  extract  by  saturation  with  magne- 
sium sulphate,  and  it  is  not  unlikely  that  a  complete  separation 
can  be  accomplished  by  this  reagent.  It  is,  however,  not  to  be 
forgotten  that  the  diastase  may  be  a  substance  which,  when 
heated  to  from  5o°-6o°,  splits  apart  into  an  albumin  and  a  pro- 
teose, and  that  the  proteose  found  in  the  solutions  which  have 

■ 

been  heated  is  a  decomposition  product  of  the  diastase.  Kiihne's 
attempts  to  produce  pure  trypsin  led  him  to  suspect  that  this 
ferment  is  a  body  which,  when  heated,  yields  a  coagulable  frac- 
tion and  a  proteose-like  substance.  Hammarsten's  more  recent 
work  on  a  neucleoproteid  obtained  from  the  pancreas  also  points 
strongly  in  this  direction. 

Now  that  we  have  some  precise  knowledge  of  the  associated 
substances,  it  seems  probable  that  we  may  succeed  in  obtaining 
diastase  nearly,  if  not  quite,  pure,  and  arrive  at  a  clearer  and 
more  positive  knowledge  of  this  ferment,  and  also  have  a  guide 
in  further  study  of  other  enzymes,  which  will  lead  to  a  more  sat- 
isfactory understanding  of  this  whole  subject.  It  is  probable  that 
the  ferments  contained  in  seeds  are  much  easier  to  prepare  than 
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those  of  animal  origin,  since  the  substances  with  which  they  are 
associated  are  largely  non-proteid  and  comparatively  easy  to  sep- 
arate. It  is  also  certain  that  the  amylolytic  ferments  present  an 
easier  problem  than  the  proteolytic,  for  the  products  of  the  activ- 
ity of  the  latter  are  so  similar,  in  their  nature,  to  that  which  the 
ferment  is  supposed  to  possess,  as  to  make  it  alwaj^s  a  matter  of 
great  uncertainty  whether  the  separated  enzyme  is  free  from  those 
bodies  or  not. 

As  already  stated,  preparation  15  was  a  very  energetic  fer- 
ment, and  on  this  account  its  properties  were  more  fully  studied, 
with  the  following  results : 

Dissolved  in  water  this  substance  gave  all  the  usual  proteid 
reactions,  and  when  heated  slowly  became  turbid  at  50°  and  gave 
a  flocculent  coagulum  at  56°.  This  is  exactly  the  temperature 
of  coagulation  of  the  albuminum  (leucosin)  which  I  have  pre- 
pared from  wheat,  rye,  barley,  and  malt,  with  identical  compo- 
sition and  properties.  The  aqueous  extracts  of  these  grains  have, 
moreover,  a  strong  diastatic  action  on  starch.  The  amount  of 
coagulable  albumin  in  preparation  15  was  detennined  and  found 
to  be  53.2  per  cent,  of  the  dry  substance. 

These  facts  point  stronglj'^  to  the  albumin  as  being  the  diastatic 
substance,  yet  there  are  several  facts  hard  to  explain,  if  this  be 
true,  which  cannot  be  overlooked.  Although  in  general  the  dia- 
static power  of  my  preparations  was  greater  the  larger  the  amount 
of  coagulable  albumin  they  contained,  I  have  never  yet  been  able 
to  establish  any  numerical  relations  between  the  two.  In  no  case 
have  I  found  any  diastatic  action  with  solutions  free  from  albu- 
min. Furthermore,  the  activity  of  my  preparation  15  is  such  as 
to  require  a  much  greater  diastatic  power  for  malt  than  this 
shows  if  its  coagulable  albumin  is  the  enzyme. 

A  malt  extract  corresponding  to  a  solution  of  the  diastase  in 
five  milligrams  of  malt  had  the  same  diastatic  power  as  0.02  mil- 
ligram of  preparation  15.  As  the  preparation  contained  but  a 
little  over  fifty  per  cent,  of  coagulable  albumin,  this  would  cor- 
respond to  only  o.oi  milligram  of  albumin  in  the  five  milligrams 
of  malt,  or  two-tenths  per  cent.  The  amount  of  albumin  in  malt 
is  much  greater  than  this,  as  it  is  also  in  wheat,  rye,  and  barley, 
whose  diastatic  power  is  greatly  inferior  to  that  of  malt.     It  is 
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not  probable  that  the  separated  diastase  is  more  active  than  that 
in  the  seed,  especially  in  view  of  the  experiments  which  follow, 
comparing  the  action  of  malt  extract  and  preparation  15.*  The 
only  explanation  of  this  that  occurs  to  me,  is  that  the  active  dias- 
tase is  a  combination  of  albutnin  with  some  other  body,  presuma- 
bly the  proteose,  which  breaks  up  on  heating,  yielding  coagula- 
ted albumin,  and  that,  besides  this  combined  albumin,  free  albu- 
min is  also  present,  which  has  no  diastatic  power,  but  which  is 
coagulated  at  the  same  time.  There  is  no  direct  evidence,  how- 
ever, that  this  hypothesis  is  correct. 

Compared  with  other  so-called  pure  ferments,  preparation  15 
is  very  active.  At  20°  it  was  in  a  condition  to  produce,  from  sol- 
uble starch,  over  2000  times  its  weight  of  maltose  and  a  further 
undetermined  quantity  of  dextrin,  within  one  hour.  After  having 
been  dried  over  sulphuric  acid  and  kept  for  six  months,  its  ac- 
tivity was  reduced  to  one-half,  but  in  this  condition  it  produced 
in  seventeen  hours,  at  20°,  10,000  times  its  weight  of  maltose  be- 
sides an  unknown  quantity  of  dextrin.  At  45°  the  same  quan- 
tity of  maltose  was  produced  in  one  hour  as  at  20°.  At  50°  much 
less  and  at  55**  very  little  maltose  was  formed.  These  tests  were 
made  by  using  an  amount  of  diastase  solution  just  sufficient  to 
produce  enough  maltose  at  20°  to  exactly  reduce  five  cc.  of  Feh- 
ling's  solution. 

Compared  with  malt  extract  of  the  same  diastatic  strength,  as 
measured  by  the  amount  of  maltose  produced  in  one  hour  at  20**, 
the  distilled  water  solutions  of  preparation  15  have  a  less  power- 
ful action  in  liquefying  starch  paste.  Five  cc.  of  malt  extract 
added  to  ten  cc.  of  a  starch  paste  containing  two  per  cent,  of 
istarch,  dissolved  the  starch  completely  in  eight  minutes,  while 
the  solution  of  preparation  15  required  thirty-seven  minutes. 

The  malt  extract  is  also  more  energetic  in  converting  starch 
completely  into  bodies  giving  no  color  with  iodine.  Five  cc.  of 
the  same  malt  extract  added  to  ten  cc.  of  soluble  starch  solution 
caused  the  blue  reaction  with  iodine  to  disappear  in  thirteen  min- 
utes, while  it  required  thirty-eight  minutes  to  reach  the  same 
result  with  the  solution  of  the  separated  diastase.  When,  how- 
ever, the  diastase  was  dissolved  in  malt  extract,  whose  enzymes 
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had  been  previously  killed  by  heating,  the  diflference  between 
the  separated  diastase  and  that  in  the  malt  extract  nearly  disap- 
peared. 

Two  te§t-tubes  were  each  charged  with  ten  cc.  of  starch  paste. 
To  one  tube  were  added  five  cc.  of  fresh  malt  extract,  and  to  the 
other  the  same  amount  of  boiled  and  cooled  malt  extract  in  which 
had  been  dissolved  a  quantity  of  preparation  15,  sufficient  to  make 
a  solution  of  the  same  sugar-producing  power  as  the  fresh  malt 
extract  itself. 

The  fresh  malt  extract  liquefied  the  starch  in  seven  minutes, 
the  mixture  of  preparation  15  and  boiled  malt-extract  in  fourteen 
minutes,  while  thirty-seven  minutes  were  required  to  produce  the 
same  result  with  a  distilled  w^ater  solution  of  preparation  15.  In 
completely  converting  starch  into  bodies  giving  no  color  with 
iodine,  the  solution  of  preparation  15  in  boiled  malt  extract  gave 
exactly*the  same  result  as  the  fresh  malt  extract,  showing  that 
the  difference  first  noticed  was  due  to  the  conditions  and  not  to 
the  ferment. 

In  view  of  these  results,  it  seems  highly  probable  that  diastase 
is  a  true  proteid,  for  if  we  consider  the  extremely  minute  quan- 
tity of  preparation  15  required  to  produce  large  amounts  of  mal- 
tose, it  is  hard  to  believe  that  this  action  is  due  to  some  substance 
adhering  to  the  proteid  to  the  extent  of  only  three  or  four  per 
cent,  at  the  most.  If  such  were  the  case  it  is  also  remarkable 
that  the  enzyme  should  adhere  in  so  much  greater  quantity  to 
the  particular  precipitate  represented  by  preparation  15  than  to 
any  of  the  other  numerous  fractions.  If  diastase,  then,  is  to  be 
considered  as  a  true  proteid,  it  is  evidently  either  an  albumin,  a 
combination  of  an  albumin  with  a  proteose,  or  a  proteose.  We 
have  seen  that  those  fractional  precipitates  which  consist  largely 
or  wholly  of  proteose  have  little  or  no  difistatic  action,  amylolytic 
power  being  manifested  most  strongly  in  the  fractions  containing 
the  most  albumin,  and  least  in  those  containing  but  little,  though 
not  in  strict  proportion  to  the  amount  of  the  albumin.  It  is  to  be 
concluded  that  the  diastatic  enzyme  is  most  closely  related  to  the 
albumin,  named  leucosin,  and  it  is  not  improbable  that  further 
careful  study  will  show  more  clearly  what  this  relation  is. 


NOTE  ON  THE  PURIFICATION  OF  QLUCINUM  SALTS.' 

By  Edward  Hart. 

Received  January  19,  189$. 

TWENTY  years  ago  I  found  glucinum  in  a  clay  brought  to 
Dr.  Drown *s  private  laboratory,  in  Philadelphia,  for  analy- 
sis. The  experience  gained  then  in  making  the  separation  from 
alumina  showed  clearly  that  none  of  the  methods  then  known 
gave  a  satisfactory  separation.  In  dissolving  the  carbonate  we 
found  that  alumina  also  dissolves,  and  that  in  treating  the  oxides 
with  solution  of  ammoiiium  chloride,  alumina  as  well  as  glucina 
dissolves. 

In  beginning  the  purification  of  glucina  from  ber>4,  which  I 
have  undertaken  for  a  more  careful  study  of  the  metal  and  its 
alloys,  I  determined,  if  possible,  to  prepare  it  in  some  other  way 
than  by  the  use  of  the  time-honored  ammonium  carbonate  method 
which,  besides  giving  a  material  of  doubtful  purity,  is  expen- 
sive and  tedious.  Such  a  method  has  been  found  based  on  the 
properties  of  the  mixed  sulphates  from  beryl,  and  which  seems 
not  to  have  been  used  for  this  purpose.  Perhaps  it  will  be  best 
to  describe  the  method  now  used  in  full,  without  describing  the 
failures  through  which  the  work  passed. 

The  powdered  beryl  is  first  fused  with  mixed  carbonates  and 
then  ground  and  washed  with  water.  The  powdered  mass  is 
then  mixed  with  sulphuric  acid  and  evaporated  to  make  the  silica 
insoluble.  The  sulphate  solution  obtained  from  this  material 
is  evaporated  and  treated  with  an  excess  of  potassium  sulphate. 
Alum  cr>'stallizes  out  and  is  purified  by  recrystallization.  The 
mother-liquor  contains  the  glucinum  along  with  the  iron  and 
alkaline  sulphates.  Potassium  chlorate  is  added  in  excess,  and 
the  solution  heated  to  peroxidize  the  iron.  Sodium  carbonate 
solution  is  now  added,  little  by  little,  the  sojution  being  boiled 
after  each  addition  until  a  filtered  sample  shows  no  j-ellow  color. 
The  whole  solution  is  then  filtered,  and  the  glucinum  which 
will  be  contained  in  the  filtrate  is  precipitated  by  further  addi- 
tion of  sodium  carbonate. 

1  Read  at  the  Bostou  Meeting,  December  28, 1894. 
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The  method,  of  course,  depends  upon  the  fact  that  it  is  impos- 
sible to  throw  down  the  glucinum  until  the  greater  part  of  the 
add  has  been  saturated,  the  glucinum  remaining  in  solution  as 
basic  sulphate.  Iron  and  aluminum,  on  the  contrary,  are  easily 
separated.  Some  care  is  needed  in  order  to  get  rid  of  the  last 
trace  of  iron,  which  persistently  remains  in  solution  until  the 
point  at  which  the  precipitation  of  glucinum  begins  is  almost 
reached. 

A  sample  prepared  in  this  way  was  perfectly  soluble  in  hydro- 
chloric acid,  gave  no  reaction  for  iron  with  potassium  ferrocy- 
anide,  was  completely  soluble  in  an  excess  of  ammonium  car- 
bonate and  caustic  potash.  The  ammonium  carbonate  solution 
gave  no  precipitate  on  the  addition  of  ammonium  oxalate.  The 
method  is  exceedingly  simple,  convenient  and  cheap,  and  leaves 
nothing  to  be  desired. 


THE  COnPOSITION  OF  THE  TUBERCULOSIS  AND 

QLANDER5  BACILLI. 

Bt  B.  a.  db  Schweinitz  and  Marion  Dorset, 
Received  April  30. 1895. 

WHILE  many  examinations  of  the  products  of  bacilli  have 
been  made  during  the  past  years  comparatively  little 
attention  has  been  paid  to  a  comparison  of  the  proximate  and 
ultimate  analyses  of  the  germs  themselves  that  are  morphologic- 
ally different,  and  produce  difiFerent  pathological  changes. 

Cramer*  gives  the  results  and  analyses  of  cholera  germs  from 
different  sources,  and  concludes  that  upon  easily  assimilable 
media  the  composition  of  the  bodies  of  the  same  germ  from  dif- 
ferent sources,  and  which  vary  in  virulence,  is  about  the  same. 
Where,  however,  the  media  supply  food  that  is  but  diflScultly 
assimilable  the  composition  of  the  bodies  of  the  germs  will  vary. 
The  comparison  which  he  makes  between  these  and  several^ 
other  species  shows  a  variation  which  indicates  a  distinct  and 
characteristic  composition  for  each  germ. 

We  have  had  occasion  to  collect  large  quantities  of  the  tuber- 
culosis and  glanders  bacilli,  and  have  submitted  the  germs, 
grown  both  on  the  ordinary  glycerol  beef  broth  and  on  artificial 

1  Arch./,  Hygiene^  16. 
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media,  to  proximate  and  ultimate  analyses.     The  results  are 
presented  in  tabulated  form. 

The  germs  were  freed  by  filtration  from  the  culture  liquid  and 
the  last  traces  of  the  soluble  products  removed  by  washing  either 
with  water  alone  or  with  the  addition  of  sodium  carbonate.  The 
germs  were  then  dried  over  sulphuric  acid  and,  just  before  analy- 
sis, were  further  dried  at  ioo°  C.  In  drying,  the  germs  under- 
went but  slight  change  of  color  if  they  had  been  thoroughly 
washed.  The  analyses  were  made  with  the  germs  obtained 
from  one  and  the  same  original  culture,  but  the  growths  of  eight 
or  ten  different  generations  were  mixed  together  to  secure  an 
average  sample.  The  artificial  media  used  for  the  cultivation 
of  the  tuberculosis  bacillus  had  the  following  composition : 

Water i,ooo  cc. 

Glycerol 70    grams. 

Acid  potassinm  phosphate i    gram. 

Ammonium  phosphate 10   grams. 

Sodium  chloride 10        " 

« 

Asparagin 2        ** 

Magnesium  sulphate 0.2  gram. 

In  table  I  are  given  the  determinations  of  the  carbon,  hydro- 
gen, nitrogen,  phosphorus,  sulphur,  ash,  in  column  I,  calcu- 
lated upon  the  weight  of  the  sample  dried  at  100**  C. ;  in  column 
II,  upon  the  ash  free  substance.  With  the  exception  of  the 
nitrogen  there  seems  to  be  but  little  variation  in  the  composi- 
tion of  the  germs  grown  on  beef  broth  or  on  artificial  culture 
media. 

I.  Tabi^e  Giving  Ei^ementary  Anai^ysbs  of  Bacii,i,us 

Tuberculosis. 

Beef  broth.  Beef  broth.  Beef  broth.       Artificial  media. 

Percent.  Percent  Percent.  Percent. 

I.  II.  I.  II.  I.  II.  I.  II. 

Carbon • 60.12      62.61      62.98     64.06  62.16  63.35 

Hydrogen 9.22      9.60  9.15       9.53       7.39       7.52  9.19  9.36 

^Nitrogen..; 7.34      7.64  7.27       7.40       8.04       8.18  8.94  9.14 

Sulphur 0.44      0.45      r 0.22  0.23 

Phosphorus  sol- ) 


uble  in  dilute  V0.66      •.*•      0.19 
nitric  acid ...  J 


•  •  • . 


Phosphp^^^^^  ••••       °-^3       ••••        0.87       ....        0.66 

Ash 4.03      ....       4.03       ....        1.77       •«..        1.92 


THE  COMPOSITION  OP  THE  TUBERCULOSIS,   ETC.         607 

Table  II  gives  the  elementary  analyses  of  the  bacillus  of 
glanders.  The  germs  for  these  analyses  were  filtered  off,  washed 
a  number  of  times  with  water  and  cold  absolute  alcohol  and 
dried. 

A  comparison  of  these  results  with  those  of  the  bacillus  of 
tuberculosis  shows  a  g^eat  and  distinctive  variation. 

II.  Tabids  Giving  Ei<bmbntary  Anai^ysks  op  Bacii,i«us  Mai^lbi. 

Beef  broth. 

, ^ , 

Per  cent. 
I.  11. 

Carbon 41.81  44.89 

Hydrogen 5.89  6.20 

Nitrogen 14.05  14.81 

Sulphur 0.99  1.04 

Phosphorus,  total  (Carius) i .  10  . . . .   ^ 

Ash 5'i8  •••• 

The  variations  in  the  composition  of  these  two  bacilli  is  still 
more  apparent  in  a  comparison  of  the  amount  of  the  proximate 
constituents  as  shown  in  tables  III,  IV,  V,  and  VI.  The  deter- 
minations were  made  according  to  the  general  methods  pre- 
scribed for  such  analyses.  The  nitrogen  determinations  were 
made  by  the  Kjeldahl  method,  and  from  these  results  the 
albuminoids  Wfere  calculated.  The  figures  reported  in  the  table 
as  cellulose  were  obtained  by  treating  the  residue  from  the  alco- 
hol extract  with  1.25  per  cent,  caustic  soda  for  forty  to  sixty 
minutes,  washing  well,  then  digesting  the  residue  with  1.25  per 
cent,  sulphuric  acid  for  the  same  length  of  time,  washing,  and 
drying.  The  loss  by  ignition  of  the  dried  residue  should  indi- 
cate cellulose. 

The  presence  of  cellulose  in  the  organs  of  tuberculous  indi- 
viduals has  been  examined  by  Freund,  Drey  fuss,  Toyosaku 
Nishimura,  with  somewhat  discordant  results.  Freund  {Jahr. 
d.  g,  Wiener  Aerzte,  28,  1886)  treated  the  organs  and  blood 
from  twenty-five  different  cases,  first  by  extracting  with  ether 
and  alcohol,  then  with  dilute  sulphuric  acid.  In  this  way 
there  were  left  behind  hard  round  lumps  about  the  size  of  tuber- 
cles, which,  while  insoluble  in  dilute  were  soluble  in  strong  sul- 
phuric acid.  This  solution  diluted  with  water  and  heated  gave 
the  reduction  test  for  sugar. 
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III.  Bacii^lus  TuBBRCni«osis.    Beef  Broth  i. 


I.  . 

a. 

Averasre. 

Per  cent 

Per  cent 

Per  cent 

I.          n. 

I.         n. 

I.            II. 

Ether  extract  •  •  • « 

...   39.64     41.29 

38.95     40.32 

39.29     40.80 

Alcohol  extract  •  - 

»•••          ••••               •••• 

•  •••               •••• 

....        •••■ 

Albuminoids 

...  45.81     47.31 

45.87     47.85 

45.84     47.53 

Cellulose 

....     6.95       7.24 

■•••        •••« 

6.95       7.24 

Ash 

>...     4.12       .... 

3.94       .... 

4.03       .... 

IV.  BacilI/US  Tubercui^sis.    Beef  Broth  2, 

I. 

3. 

Avemgre. 

Per  cent. 

Per  cent 

Per  cent 

I.           II. 

I.          II. 

I..          n. 

Ether  extract .... 

»•••              ••■               •••• 

•  •••               •••• 

a...                aaaa 

Alcohol  extract  •  • 

••••     3.04      3-»o 

•  •••               •••• 

3.04              3.10 

Albuminoids 

...  50-25    51.12 

45.43     46.25 

47.84          48.68 

Cellulose 

. . .     7.37      7.68 

••••               •••• 

7.37               7.68 

Ash 

...     1.67      •••• 

1.87       .... 

•1.77              .... 

V.  Bacii^i^u^  Tubkrcui*osis 

^    Artificial,  Media, 

I. 

2. 

Average. 

Per  cent 

Per  cent 

Per  cent 

I.            II. 

I.          II» 

I.          n. 

Ether  extract- ••- 

•••   37.76     37.88 

37.98     38.71 

37.57     38.34 

Alcohol  extract  •  • 

. . .      4.69       4.79 

4.19       4.28 

4.44       4.53 

Albuminoids 

•••   55.87     57.12 

•  •••               •••• 

•55.87     57.12 

Cellulose 

. . .      3.82       3.89 

5.69       5.80 

4.75       4.84 

Ash... 

...      1.92       .... 

••••               •••• 

1.92       .... 

VI. 

Bacii.i,us  Mai«i«e] 

[.    Beef  Broth, 

I. 

2. 

Averagre. 

Per  cent 

Per  cent 

Per  cent 

I.           II, 

I.          II. 

I.            II. 

Ether  extract. ... 

. . .      7.91       8.26 

7.67       8.09 

7.78       8.17 

Alcohol  extract. . 

•  ••          ••••               •••• 

....               ...a 

••••               •••• 

Albuminoids 

...  89.81     94.68 

85.71          90.43 

87.76     92.55 

Cellulose 

...     5.87       6.19 

•     •••                               *••• 

5.87       6.19 

Ash.... 

1  . . •       ^.lo        • • • • 

•     •••                               •••• 

5*IO              • . a . 

Schulze's  method  was  also  used.  Lungs,  spleen,  peritoneum, 
and  dried  blood  were  cut  up  finely  and  subjected  to  the  action  of 
nitric  acid  and  potassium  chlorate,  white,  round  nodules,  or  a 
flocculent  substance  were  left  behind,  which,  submitted  to  analy- 
sis, after  solution  in  cupric  ammonia  and  reprecipitation,  gave 
results  corresponding  to  cellulose. 
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Nishimura'  used  for  experiment  the  lungs  and  blood  of  tuber- 
culous cows  and  also  of  men.  The  organs,  after  being  finely 
divided  were  extracted  with  ether  and  alcohol  and  then  with  two 
per  cent,  sulphuric  acid. 

The  residue,  when  treated  with  strong  sulphuric  acid,  gave  a 
solution  that  yielded  the"  Trommer  sugar  test  only  twice  out  of 
six  experiments. 

Nishimura  then  tried  the  alkali  method.  The  material  was 
fused  with  potassium  hydrate  in  the  oil-bath  at  180°  C.,  the 
fusion  acidified  with  sulphuric  acid,  then  made  slighth'  alkaline 
and  allowed  to  stand  until  clear.  The  residue  was  filtered  off 
and  tested  for  cellulose .  By  this  method ,  from  the  lungs  of  a  grown 
person  a  slight  reaction  for  cellulose  resulted  wuth  Trommer' s 
test.  The  spleen  and  liver,  treated  in  the  same  way  also  indi- 
cated cellulose.  In  two  cases  from  children,  lungs,  liver,  and 
spleen  gave  the  cellulose  test. 

How  should  this  cellulose  content  be  present  in  the  organs? 
The  most  plausible  supposition  is  the  assumption  that  this  comes 
from  the  presence  of  the  bacilli  themselves,  and  that  the  bodies 
of  the  latter  are  rich  in  cellulose.  Upon  this  assumption  Drey- 
fuss*  examined  several  varieties  of  bacilli,  bacillus  subtilis, 
pus  bacillus,  aspergillus  glaucus,  and  bj'  the  fusion  method 
with  caustic  potash,  succeeded  in  obtaining  the  reduction  and 
phen3'lhydrazine  tests. 

Nishimura,  found,  however,  that  other  bacilli,  e.  g.,  the  water 
bacillus  No.  28,  did  not  show  the  presence  of  cellulose.  He  ex- 
tended his  researches  to  the  tubercle  bacilli  themselves.  He  made 
four  tests  upon  the  tubercle  bacilli  from  glycerol  bouillon  cultures 
using  the  alkali  method,  but  obtained  no  reduction.  From  this 
he  concludes  that  cellulose  is  not  present  in  the  tubercle  bacilli. 

In  our  examination  of  the  tubercle  bacilli,  as  indicated  above, 
the  digestion  of  the  residue,  after  extraction  with  ten  per  cent, 
sulphuric  acid  gave  distinct  reduction  tests  with  Fehling*s  solu- 
tion. In  two  experiments  Hoppe-Seyler*s  method,  b}'  fusing 
with  caustic  potash  at  180°,  was  used.  In  the  one  a  good  reduc- 
tion test  was  obtained  ;  in  the  other  the  reduction  test  failed. 

1  Arch.f.  Hygiene,  ai,  [i],  52. 

2  Ztschr.  P/tysiol.  Chem.,  18,  [3,  4].  367. 
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From  these  tests  we  would  conclude  that  cellulose  is  present 
in  the  tubercle  bacilli,  but  in  very  minute  amount,  which  may, 
in  some  instances,  escape  detection  by  the  methods  generally 
adopted.  Nishimura  thinks  that  possibly  the  tubercle  bacilli 
form  cellulose  when  they  grow  in  the  body,  but  not  on  artificial 
culture  media.  The  fact,  however,  that  the  analyses  indicated 
cellulose,  both  when  grown  upon  glycerol  beef  broth  and  upon  the 
mineral  salt  cultures,  would  make  it  probable  that  the  cellulose 
is  a  normal  constituent  and  can  be  produced  by  the  germ  from 
whatever  material  it  feeds  upon. 

The  proximate  analyses  of  the  glanders  bacilli  show  results 
which  are  markedly  different  from  those  obtained  with  the  tuber- 
cle bacilli.  While  the  determination  of  cellulose  by  the  method 
of  difference  would  indicate  its  presence,  the  fusion  with  caustic 
potash,  according  to  the  same  method  adopted  for  the  tubercle 
germs,  and  subsequent  treatment  with  sulphuric  acid  indicates 
the  absence  of  cellulose.  Care  was  taken  in  filtering  the  tuber- 
culosis and  glandery  germs  that  they  were  not  contaminated  with 
cellulose  from  filter-paper.  The  most  of  them  were  filtered 
through  porcelain  and  then  scraped  off. 

In  order  to  show  more  clearly  the  variation  in  the  body  com- 
position of  different  germs  the  following  table  is  appended  which 
gives  results  obtained  by  Cramer  and  others,  with  different 
germs,  upon  varying  media.  The  change  in  the  nitrogen  con- 
tent is  very  marked,  and  while  the  difference  of  medium  influ- 
ences this  to  some  extent  there  is  still  sufficient  variation  in  the 
different  germs  to  permit  of  a  possible  distinction  of  species. 
While  the  products  of  germs  are  invaluable  as  an  aid  to  identi- 
fication it  would  appear  that  the  chemical  study  of  the  bodies  of 
the  germs  and  the  differences  in  their  proximate  constituents, 
especially  albuminoids  and  fat,  and  a  more  distinctive  study  of 
the  albuminoids  might  be  very  useful  in  aiding  classification. 

In  order  to  form  some  idea  of  the  composition  of  the  fat  ex- 
tracted from  the  tuberculosis  and  glanders  bacilli,  the  fats  were 
saponified  with  caustic  soda  and  the  fatty  acid  separated.  The 
quantity  of  acids  obtained,  however,  was  small  and  it  was  only 
possible  to  make  melting-point  determinations.  From  these  the 
acids  of  the  glanders  seemed  to  be  oleic  and  palmitic,  those  from 
the  tubercle  bacilli,  palmitic  and  arachidic  acid. 
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The  difference  in  the  fatty  acids  apparent  in  these  two,  and  which 
would  probably  vary  as  much  in  other  germs,  could  doubtless  be 
made  of  use  in  classification.  This  study  is  being  continued 
further  and  extended  to  the  hog  cholera,  swine  plague,  and 
allied  germs. 

Ether  and  alco- 
Albuminoids  hoi  extract  Ash 

per  cent.  pei  cent.  per  cent. 

f  •  ^..11.  .     1^         /  '**■■  ■■^     r  ^  ^ 

12  5                               5                  1 

{percent    percent         x  percent         i         percent  percent 

Peptone   Peptone    percent  Peptone  percent  Peptone  Peptone 

afirar*         agrar.        Soda.  asrar.        Soda.        agar.        agar. 
BaciUi. 

Pfeiffer's  capsule 
bacillus 66.6        70.0         ••••         14.06       ••••       9.10 

Pneumonia  bacil- 
lus •-•• 7  [.7        79.8         ....         1 1.3         ....     10.36 

Bacillus  of  Rhi- 
noscleroma . . . *    68.42      76.2         ....  9.1         ....       9.33 

Spirillum  of  chol- 
era  ••••.••••...      •>••       04*00       ..••  ••••        ..••        •••         3^*7^ 

No.  28 73.1        79.6         ....         17.08       ....       7.79 


•  •  •  • 


... 


.  • 


.... 


, '^ , 


Nitrogen. 

7751 

cent   percent   percent    pero 
cerol     Artifi-     Glycerol     Peptone 


percent   percent   percent    percent 
Glycerol     Artifi-     Glycerol     Peptone 

beef  cial  beef  beef  Car-      Hydro- 


broth,      media.       broth.  broth.  bon.  gen.  Ash. 

per  cent   per  cent  per  cent  per  cent  per  cent  per  cent  per  cent 

Tuberculosis  ....      7.34        8.94       ....  ....  62.98  7.34  i'77 

Glanders  ...... .      14*05  ....  41*89  5.89  5.18 

Swine  plague 11.81  44.57  7.20  12.41 

blochbmic  i^aboratory, 
Bureau  of  Animal  Industry. 
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By  Peter  T.  Austen  and  W.  A.  Horton. 

Received  April  33,  1895. 

THE  various  holders  and  hand-clamps  used  for  holding  test- 
tubes  and  smaller  forms  belong,  as  a  rule,  to  two  classes. 
The  bite  is  effected  either  by  a  spring  or  by  a  pressure  exerted 
by  the  hand.  The  difficulty  with  the  first  class  of  holders  is 
that  the  spring  is  often  inconveniently  strong  for  delicate  tubes, 
and  not  strong  enough  for  flasks.  The  second  class  often  fails 
when  long  continued  holding  is  involved,  as  muscular  pressure 
relaxes  after  a  time. 

The  following  little  device  was  worked  out  to  afford  a  con- 

1  Read  before  the  New  York  Section,  December,  1893. 
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venient  holder  that  should  take  from  nothing  up  to  a  diameter 
of  an  inch  and  a  half  and  yet  allow  a  grasp  which  corresponds  to 
the  weight  of  the  object  held,  and  also  not  tire  the  hand,  no 
matter  how  long  it  is  held. 


The  clutch  B  slides  on  the  parallel  bars  E,  and  is  slightly 
smaller  than  the  counter- clutch  A.  This,  with  its  curvature, 
allows  it  to  grasp  any  object,  no  matter  how  small,  that  is  placed 
between  B  and  A.  A  double  bearing,  to  insure  ease  of  move- 
ment, is  effected  by  winding  the  wire  at  D.  The  double  arch  C 
allows  the  thumb  to  press  easily  and  comfortably  against  it,  and 
act  as  a  knee-joint.  The  swell  G  keeps  the  handle  in  the  grasp, 
and  the  rubber  strap  F  brings  the  traveling  clutch  back  and 
opens  the  clamp  as  soon  as  the  pressure  is  removed  from  C. 

To  use  the  apparatus,  the  handle  is  securely  grasped  and  the 
end  of  the  thumb  is  placed  against  C.  On  straightening  the 
thumb,  in  the  manner  of  a  knee-joint,  the  object  is  tightly  held 
betweep  the  clutches.  The  hand  does  not  tire  on  continued 
holding  because  the  pressure  is  taken  in  a  straight  line  on  the 
bones  of  the  thumb,  and  hence  calls  for  so  slight  a  muscular 
action  as  to  be  practically  inappreciable. 

The  clamp  is  manufactured  by  Richards  and  Company. 

Chemical  Laboratory  of  the  Brooklyn 
Polytechnic  Institute. 


[Contribution  prom  the  John  Harrison  Laboratory  of 

Chemistry.    No.  i.] 

ELECTROLYTIC  SEPARATIONS. 

By  Edgar  P.  Smith  and  Daniel  h.  Wallace. 
Received  April  23. 1895. 

COMMUNICATIONS  relating  to  the  electrolytic  separation 
of  metals,  present  in  solution  as  double  cyanides,  have 
appeared,  from  time  to  time,  in  this  Journal  and  in  other  pub- 
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lications  devoted  to  chemistrj%  during  the  past  seven  years. 
Thus  it  was  found  that  in  solutions,  such  as  that  mentioned,  it 
was  possible  to  separate  cadmium  from  zinc,  arsenic,  tungsten, 
molybdenum,  osmium,  nickel,  and  cobalt;  mercury  from  copper, 
zinc,  nickel,  cobalt,  palladium,  arsenic,  tungsten,  molybdenum, 
platinum,  and  osmium ;  gold  from  palladium,  platinum,  copper, 
cobalt,  zinc,  and  nickel ;  and  silver  from  copper,  zinc,  nickel, 
cobalt,  arsenic,  tungsten,  molybdenum,  platinum,  and  osmium. 
No  difl&culties  were  encountered  in  these  separations.  About 
the  only  objection  that  could  be  presented  against  them,  and  one 
that  would  in  any  manner  postpone  their  immediate  adoption 
into  general  analysis,  was  the  fact  that  from  twelve  to  fourteen 
hours  were  required  for  the  deposition  of  the  cadmium,  mercury, 
gold,  and  silver. 

Not  more  than  a  year  ago  Smith  and  Spencer  (This  Journal, 
16,  420)  observed  that  the  deposition  of  both  mercury  and  silver 
was  markedly  accelerated  when  the  electrolyte  undergoing  de- 
composition was  heated  from  65''  to  70®  C.  It  will  be  recalled 
that  all  the  earlier  separations  noted  above  had  been  carried  out 
at  the  ordinary  temperature.  It  appeared,  therefore,  desirable 
to  further  extend  the  study,  and  in  the  lines  which  follow  results 
are  given  which  were  obtained  from  this  new  point  of  view. 

While  cadmium  can  be  completely  separated  from  its  double 
cyanide  solution  in  the  cold,  the  reverse  occurs  if  the  liquid  be 
raised  to  65®.  Thus,  in  the  communication  of  Smith  and  Spen- 
cer, evidence  is  given  that  in  a  warm  solution  silver  can  be  fully 
separated  from  cadmium,  and  in  the  table  below  it  will  be  ob- 
served that  mercury  and  cadmium  can  be  similarly  separated. 
It  was,  therefore,  impossible  to  review  the  separations  of  cad- 
mium from  the  various  metals  from  which  it  had  been  fully 
separated  in  the  cold.  The  experiments  were  accordingly  lim- 
ited to  mercury,  gold,  and  silver  with  several  typical  metals,  as 
the  conditions  under  which  their  separation  proved  successful 
would  doubtless  serve  for  the  remaining  representatives  of  the 
various  groups  from  which  separations  had  been  effected. 

In  the  earlier  communications  it  was  customary  to  report  the 
strength  of  the  acting  current  in  cubic  centimeters  of  electrolytic 
gas  per  minute.  In  the  present  presentation  the  normal  density 
(N.  D.)  of  the  current  for  100  square  centimeters  of  electrode 
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surface  will  be  given  in  ampere  units.  The  reader  will  also  bear 
in  mind  that  the  temperature  of  the  solutions  operated  upon  was, 
in  all  cases^,  65°  C. 

Mercury  Separations. 

I'ris        I'-os    ^ttU     i^^'     if«  ir«^  iflSl  "sf-n  ^f«^ 

0.1901        0.1907        0.02        3  hours.        2        100        100        100        100 
0.1903        0.02        3      *'  2        100        


0.1902  0.06  3i  **  2  ...         100 

0.1900  0.06  si  **  2  ...         100 

0.1896  0.06  3i  **  *        2  ...         100 

0.1905  0.08  3i  **  3  100 

0.1908  0.08  3i  **  3  100 

0.1898  0.08  3i  **  2  100 


0.1896        0.08        3I     **  2        100 

In  ordinary  gravimetric  analysis  it  would  not  be  possible  for 
the  analyst  to  separate  mercury  from  any  one  of  the  metals  just 
given  as  completely  nor  as  quickly  as  indicated  in  the  table. 

Gold  was  separated  from  cobalt,  arsenic,  copper,  zinc,  and 
nickel,  the  quantity  of  gold  present  in  each  trial  being  0.1087 
gram,  and  each  of  the  other  metals  in  equal  amount.  But  one 
separation  was  made  with  each  metal.  The  quantity  of  cyanide 
ranged  from  one  to  two  grams ;  the  period  required  for  the  pre- 
cipitation of  the  gold  varied  from  three  to  three  and  one-half 
hours.  In  all  the  trials,  excepting  that  with  copper,  the  current 
was  N.  D. ,00 =0.1  ampere.  In  the  exceptional  case  it  was 
reduced  to  0.07  ampere.     The  quantities  of  gold  obtained  were  : 

1 0.1084  gram. 

2 o.ioSo*     " 

3 0.1093      " 

4 0.1088      " 

5 0.1082      ** 

The  separations  of  silver  were  limited  to  zinc,  nickel,  and 
cobalt.  The  quantity  of  silver  was  0.1465  gram  and  the  other 
metals  in  equal  amount.  The  quantity  of  cyanide  in  all  in- 
stances was  two  grams,  while  the  current  strength  was  N.  D.xo© 
=  0.04  ampere.  The  time  of  deposition  did  not  exceed  three 
hours.     The  precipitated  silver  equaled : 
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• 

I o.  1464  gram. 

2 0.1464      ** 

3 0.1460      ** 

4 0.1464      ** 

The  separation  of  silver  from  copper  and  from  cadmium  is 
just  as  rapid  and  complete  as  these  last  separations. 

The  deposits  of  mercury,  gold,  and  silver,  were  carefully  ex- 
amined in  the  quantitative  way  for  the  various  metals  with  which 
they  had  been  associated ;  in  every  instance  they  showed  them- 
selves perfectly  pure,  so  that  these  methods  can  be  relied  upon 
and  trusted  where  accurate  and  rapid  work  is  required. 

The  metallic  deposits  were  washed  and  dried  in  the  manner 
described  in  previous  articles. 

During  the  progress  of  the  preceding  experiments  behaviors 
were  observed  pointing  toward  the  separation  of  silver  from  gold, 
and  mercury  from  gold  and  from  silver  in  cyanide  solution,  but 
thus  far  expectations  in  these  directions  have  not  been  realized. 
When  conditions  apparently  favorable  were  obtained,  traces  of 
one  or  the  other  metal  would  be  discovered  in  the  metallic  de- 
posit, so  that,  at  this  moment,  trustworthy  and  definite  data 
cannot  be  given. 

University  op  Pennsylvania. 
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12.  Relations  between  the  concentrations  in  the  gaseous  and  liquid 

phases. 

13.  Heat  of  dilution  and  solution ;  ideal  concentrated  solutions. 

14.  The  vapor-tensions  of  mixtures  of  acetic  acid  with  benzene  and  with 

toluene. 

15.  The  molecular  mass  of  liquid  acetic  acid  and  a  general  method  of 

determining  the  molecular  masses  of  liquids. 

16.  Resum^. 

I.  INTRODUCTORY. 

THE  investigation  of  the  elastic  forces  or  tensions  of  vapors 
emitted  by  a  solution  of  a  fixed  substance  in  a  volatile 
liquid  has  received  much  .attention,  especially  within  recent 
years.  The  impetus  for  investigations  of  this  kind  is,  in  a  great 
measure,  due  to  the  new  notions  that  have  been  introduced  into 
science  in  regard  to  the  nature  of  solutions.  The  possibility  of 
ascertaining  the  molecular  mass  of  a  substance  from  a  determi- 
nation of  the  amount  of  the  depression  of  the  vapor-tension  of  a 
liquid,  occasioned  by  its  being  dissolved  therein  in  known  pro- 
portions, has  induced  chemists  to  study  carefully  this  field  of 
scientific  inquiry,  which  it  may  truly  be  said,  has  been  gone  over 
very  elaborately. 

In  the  greater  part  of  the  work  that  has  been  done,  both  theo- 
retical and  experimental,  it  has  been  assumed  that  the  dissolved 
substance  is  not  appreciably  present  in  the  gaseous  state,  and 
but  sparingly  present  in  the  liquid  state ;  in  other  words,  the 
dissolved  substance  is  supposed  to  be  involatile,  and  the  solutions 
are  made  dilute. 

Now,  absolute  involatility  in  any  body  whatsoever  cannot  be 
affirmed;  there  must  always  be,  at  every  temperature,  some  de- 
gree of  power  of  assuming  the  gaseous  state,  although  it  may  be 
so  slight  as  to  be  imperceptible  to  our  senses.  Still,  for  all 
practical  purposes,  the  assumption  of  non-volatility  in  many  sub- 
stances can  be  admitted,  as  our  means  of  experimentation  are 
not  sufficiently  delicate  to  detect  any  small  amount  of  volatility. 

Although  so  much  has  been  done  on  the  vapor-tensions  of 
solutions  of  fixed  substances  in  volatile  liquids,  comparatively 
little  attention  has  been  paid  to  the  study  of  the  vapor-tensions 
of  mixtures  of  the  volatile  liquids ;  yet  this  is  the  general  case, 
of  which  the  restriction  that  the  dissolved  substance  be  fixed 
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makes  only  a  special  application.  It  must,  indeed,  be  allowed 
that  the  consideration  of  a  mixture  oi  vapors,  instead  of  a  single 
one,  introduces  certain  complications  into  the  problem ;  and  this 
is,  perhaps,  just  the  reason  so  little  work  has  been  done  on  this 
part  of  the  subject ;  still  difficulties  of  this  sort  are  probably  not 
unsurmountable . 

The  limitations  of  work  on  vapor-tensions  to  dilute  or,  at 
most,  moderately  concentrated  solutions  cannot  be  said  to  be 
satisfactory.  True,  the  theory  of  solutions  has  been  developed 
on  the  hypothesis  that  dissolved  matter,  in  analogy  with  gas- 
eous matter,  is  in  a  state  of  considerable  dilution ;  and  experi- 
mental confirmations  of  theoretical  predictions  can  be  expected 
only  when  such  a  state  of  affairs  is  realized.  Notwithstanding 
that  circumstance,  it  seems  of  importance  to  extend  our  line  of 
operations  and  attack  the  problems  presented  by  concentrated 
solutions ;  perhaps  they  will  be  found  to  exhibit  fewer  anomalies 
than  has  been  supposed. 

There  are  two  circumstances  which  render  work  that  has 
hitherto  been  done  on  the  vapor-tensions  of  mixtures  of  volatile 
liquids  of  all  concentrations  unsatisfactory  ;  they  are  to  be  found 
in  the  choice  of  the  liquids  investigated,  and  the  kinds  of  vapor- 
tension  measured.  The  liquids  chosen  were  almost  invariably 
those  which  are  now  recognized  to  be  made  up  of  associated 
molecules;  they  are  just  those  which  exhibit  the  greatest 
abnormalities  in  respect  to  most  of  their  properties,  and  it 
cannot  be  expected  that  simple  relations,  if  they  exist  at  all, 
will  be  discovered  when  such  liquids  are  used  as  material  of 
investigation.  All  investigators  also,  almost  without  exception, 
have  measured  only  the  total  pressure  of  the  mixtures  of  liquids 
examined,  which  is  the  sum  of  the  partial  pressures,  these, 
however,  being  entirely  unknown.  But  more  important  is  it  to 
know  the  share  which  each  vapor  has  in  the  exerting  of  the 
total  pressure,  and  only  when  this  is  learned  can  our  knowledge 
of  the  matter  be  said  to  be  in  any  adequate  measure  complete. 

This  paper  seeks  to  fill  in  some  degree  this  gap  in  the  subject 
of  vapor-tensions.  The  method  employed  is  such  as  to  permit  of 
the  specification  of  the  partial  pressures  of  a  mixture's  compo- 
nents, and  also  of  their  concentrations  in  the  gaseous  phase.  The 
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choice  of  the  liquids  has  been  made  with  an  eye  towards  employ- 
ing those  which  have  been  found  to  be  most  *' normal,*'  so  that 
in  the  examination  of  more  complex  liquids,  that  is,  those  con- 
sisting of  associated  molecules,  the  simplicity  to  be  expected  in 
the  phenomena  of  the  former  may  aid  us  in  getting  some  light  on 
the  possible  intricacies  of  the  latter.  All  the  mixtures  examined 
are  freely  soluble  in  one  another  so  that  no  disturbing  influence 
from  layer-formation  can  take  place. 

In  reality,  we  have  .before  us  a  case  of  equilibrium ;  the  equi- 
librating system  consilsts  of  two  substances,  each  present  in  two 
phases,  the  liquid  and  gaseous.  We  have  to  ascertain  at  the 
points  of  equilibrium  the  temperature,  the  partial  pressures  of  the 
two  substances  in  gaseous  phase,  and  their  concentration  in  both 
liquid  and  gaseous  phase. 

2.    HISTORICAL. 

The  first  paper  that  I  know  of  which  treats  of  the  vapor-ten- 
sions of  mixtures  of  liquids  soluble  in  every  proportion  in  one 
another  is  by  Gustav  Magnus,*  who  states  that,  when  to  a  volatile 
liquid,  such  as  ether,  contained  in  a  barometric  vacuum, 
another  less  volatile  liquid,  such  as  alcohol,  be  added,  the  ten- 
sion of  the  vapors  of  both  liquids  is  less  than  that  of  the  ether 
alone  ;  the  cause  of  this  behavior  Magnus  seeks  in  a  certain 
reciprocal  attraction  on  the  part  of  the  two  liquids.  Magnus' 
paper,  being  almost  the  first  on  the  subject,  contains,  as, 
indeed*  is  generally  the  case  with  pioneer  papers,  some  impor- 
tant statements,  which,  through  the  labors  of  later  investigators, 
have  become  generalized  into  wide-reaching  laws ;  but  every- 
thing in  it  is  purely  of  a  qualitative  nature,  no  reliable  quantita- 
tive data  being  given. 

Regnault*  in  the  course  of  his  extended  investigations  on  the 
elastic  forces  of  the  vapors  given  off  by  liquids,  determined  at 

1^  Ueber  das  Sieden  von  Gemens^en  xweier  PliUsigkeiten  und  ueber  das  Stossen 
solchcr  Gemensr«-    Ann.  der  Pkys.  u.  Chem.  Pi^g.y  38»  481^93. 1S36. 

s  Ueber  die  Elasticit&tskrafte  der  IHLmpfe  bei  verschiedenen  Temperaturen  im  Vacuo 
und  in  Gasen ;  und  ueber  die  Spannunsr  der  D&mpfe  aus  gemengten  oder  geschichteten 
Fliissigkeiten ;  Ann.  der  Fhys.  u.  Chem.  Bagg.,  93,  537-579.  l^4^  and  M^moires  de  1' 
Academic  des  Sciences,  a6, 1862.  Quatri^me  Partie  :  Forces  ^astiques  des  Vapeurs  qui 
sont  finises  par  les  Liquids  volatiles.  Melanges  par  Dissolution  reciproque  on  super- 
poses. Troisiime  Classes :  Melanges  binaires  des  Liquides  qui  se  dissolvent  mntuelle- 
ment  en  toutes  Proportions,  724  and  743. 
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different  temperatures  by  the  static  as  well  as  dynamic  method, 
the  vapor-tensions  of  several  mixtures  of  various  liquids.  Reg- 
nault  did  not  pay  much  attention  to  the  composition  and  analy- 
sis of  the  mixtures  investigated,  his  object  being  merely  to  get  a 
general  idea  of  the  relations  of  the  vapor-tensions  of  the  mix- 
tures to  those  of  the  compotent  liquids.  Still  there  is  but  a  little 
doubt  that  the  composition  of  the  mixtures  is  specified  with  suf- 
ficient accuracy  to  admit  of  his  data  being  regarded  as  reliable 
enough  for  theoretical  considerations  and  confirmations.  In  a 
later  section  are  given  his  results  so  rearranged  as  to  fur- 
nish some  indications  of  the  nature  of  the  phenomenon  which 
they  represent.  Regnault  states  in  the  papers  printed  in  the 
M6moires  de  V  Acadimie  that  his  experiments  lead  to  the  same 
conclusions  as  those  of  Magnus;  but  in  the  German  translation 
{/oc.  cit.)  from  the  Comptes  rendus,  he  does  not  seem  to  have 
given  Magnus  this  credit,  vyhich  induced  the  latter  in  a  paper' 
immediately  following  that  by  Regnault,  to  call  attention  to  his 
results  published  some  eighteen  years  before' (/t?^.  cit).  In  this 
last  paper  by  Magnus  nothing  new  is  communicated,  a  consid- 
erable part  of  it  being  occupied  with  quotations  from  his  former 
paper. 

Pliicker' determined  by  means  of  Geissler*s  **  Vaporimeter** 
the  composition  of  the  liquid  and  gaseous  phases,  as  well  as  the 
total  pressure  of  the  latter,  of  a  system  consisting  of  a  mixture 
of  alcohol  and  water ;  the  work  has  the  stamp  of  having  been 
done  with  great  care,  and  the  accuracy  of  the  results — rather 
meager,  it  must  be  said — can  probably  be  relied  upon. 

Bussy  and  Buignet^  in  the  course  of  their  researches  on  the 
physical  properties  of  mixtures  of  hj'drocj'^anic  acid  and  water, 
made  determinations  according  to  the  static  method  of  the  vapor- 
tensions  of  seven  mixtures  of  the  above  two  liquids  (page  245  of 
their  memoir) .  The  work,  which  was  carriod  out  at  13.25°  is 
fairly  accurate,  but  the  range  of  concentrations  is  not  extensive 
enough  to  permit  of  utilization  of  their  results. 

I  Ueber  die  Spannkraft  der  Dampfe  von  Mischungen  zweier  PUissisrkeiten  ;  Ann. 
der  Phys.  u.  Oiem.  Pogg.,  93,  579-582,  iSs2. 

3  Untersuchungen  fiber  Dampfe  und  Dampfgemeng^e ;  Ann.  der  Phys.  n.  CAetn. 
J^S'%  9*»  193-220,  iSs4  :  A  continuation  of  this  article  was  promised  by  the  author,  but  I 
have  been  unable  to  find  it  and  regard  its  appearance  as  very  doubtful. 

»  Recherches  sur  Idcide  cyauhydrique  :  Ann.  Chim.  Phys.,  [4]  3,  231-263, 1S64. 
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While  the  preceding  scientists  for  the  most  part  endeavored  to 
find  relations  between  the  tensions  of  vapors  emitted  by  a  mix- 
ture, and  those  given  off  by  its  components  in  a  state  of  purity, 
Duclaux*  set  himself  about  to  get  a  knowledge  of  the  relations 
of  the  composition  of  the  liquid  mixture  to  that  of  the  vapors 
emitted.  His  method  consisted  in  distilling  a  large  quantity 
(hoc  cc.)  of  a  mixture  of  known  composition  and  collecting 
several  distillates,  the  composition  of  which  was  determined 
through  their  surface  tensions  by  means  of  the  **  Drop-method." 
Duclaux,  believing,  for  reasons  which  he  does  not  state,  that 
simpler  relations  are  to  be  discovered,  if  the  proportions  of  the 
liquids  in  a  mixture  be  expressed  in  volumes  rather  than  in 
weights,  communicates  results  and  data,  which,  as  he  neglects 
to  give  any  accurate  indications  as  to  the  temperature  at  which 
and  the  pressure  under  which  the  mixtures  investigated  by  him 
entered  into  ebullition,  and  as  to  the  amount  and  direction  of  the 
change  of  temperature  as  the  boiling  proceeded,  it  is  impossible 
to  put  into  a  shape  permitting  of  comparison  with  others ;  the 
mixtures  studied  consisted  of  water  and  the  series  of  alcohols  up 
to  caprylic  alcohol,  and  of  water  with  formic,  acetic,  and  butyric 
acids. 

Wtillner*  determined  according  to  the  static  method'  the  vapor- 
tension  of  five  different  mixtures  of  ethyl  alcohol  and  water  at 
temperature  intervals  of  about  io°  from  1 1 .8"*  to  84.6° ;  also  of  two 
mixtures  of  sulphuric  ether  and  alcohol  at  temperature  intervals 
of  about  3''  from  7.2°  to  a  little  over  30''.  Wiillner  had  especially 
in  mind  in  his  work  the  determination  of  the  variation  of  con- 
stancy of  the  ratio  of  the  tension  of  the  mixture  of  vapors  to  the 
sums  of  the  tensions  of  each  vapor  alone  with  the  temperature ; 
no  mention  is  made  of  experimental  details  and  of  the  purity  of 
the  liquids  experimented  upon. 

It  may  be  well  f«r  the  sake  of  completeness  to  make  mention 

1  Sur  les  Forces  Elastiques  ^mmises  par  les  Melanges  de  deux  I^iquides :  Ann. 
Chim.  IHiys.,  [5]  14.  305-345.  /*7*. 

S"Ueber  die  Spaniikraft  der  Dampfe  vou  Pliissigkeitsgemischen" :  Ann.derPhys. 
M.  Chem.  Fogg.,  lag,  353-366.    /S66. 

*Ann.  der  Phys.  u.  Chem.  Pogg.,  103,  534-542. 
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here  of  AUuard's,*  Berthelot's,'  and  Brown^s'  work  on  the  boil- 
ing points  of  mixtures  of  liquids,  although  little  is  to  be  found 
therein  which  bears  directly  upon  our  subject. 

An  important  experimental  as  well  as  theoretical  investigation 
on  the  subject  in  question  has  been  made  by  Konowalow.*  The 
method  employed  was  the  static,  so  arranged,  however,  that  the 
error  arising  from  the  change  of  composition  of  a  liquid  mixture 
due  to  the  evaporation  of  its  components  was  reduced  to  a  mini- 
mum. The  determinations  were  made  with  mixtures  of  water 
with  each  of  the  first  four  members  of  the  series  of  alcohols, 
Ca  H„+,  O,  and  of  the  series  of  acids  C„H,„+,  O,  at  several  different 
temperatures ;  the  work  of  Konowalow  may  be  looked  upon  as 
verv  accurate. 

Among  Raoult*s  numerous  and  important  publications  on  the 
vapor-tensions  of  solutions,  there  is  one  which  deserves  mention 
in  the  history  of  the  vapor-tensions  of  mixtures  of  volatile  liquids, 
even  if  one  component  of  the  binary  mixtures  investigated  by  him 
has  but  a  feeble  tension  of  vapor.  The  paper  referred  to*  treats 
of  the  vapor-tensions  of  solutions  of  turpentine,  nitrobenzene,  an- 
iline, methyl  salicylate,  and  ethyl  benzoate,  all  almost  non-volatile 
liquids,  in  ether ;  the  determinations  were  made  at  ordinarj'^  tem- 
peratures by  the  static  method,  and  are  to  be  considered  as  re- 
markably exact.  In  a  later  section,  the  data  will  be  given  in  a 
modified  form. 

In  the  last  five  or  six  years  papers  by  Planck,  by  LeChatelier, 
and  by  Nernst,  treating  of  the  theoretical  side  of  the  question, 
have  appeared ;  from  their  importance  as  well  as  fpr  convenience 
of  reference,  their  coi^tents  will  be  quite  fully  reproduced. 

Max  Planck*  enunciated  certain  relations  between  the  differ- 

i "  Experiences  sur  la  Temperature  d*  Ebullition  de  quclques  Melanges  biuaires  de 
liquides  que  se  dissolvent  mutuellement  e«i  tons  Proportions."  :  Ann,  Chim.  I^ys.,  [4]  i, 

384-392.  t^' 

S  "Sur  la  Distillation des  Liquides  Melanges.*'  Compt.  rend.,  57, 430(i8(^J;  Ann,  Chim. 

Pkys.,  [4]  I,  384-392.  '^-f- 

<  '*  On  the  Distillation  of  Mixtures  of  Carbon  Disulphide  and  Carbon  Tetrachloride"  : 
Transactions  of  the  Chemical  Society  of  I/>ndon.  39,  304.  i88f. 

4**Ueber  die  Dampfspannungen  der  Plussigkeitgemischen.'* :  Amu,  der  Phys. 
IVied.,  14, 119,  i88i. 

6'*Ueberdie  Darapfdrucke  Atherischer  Ix>sungen.":  Ztschr,  phys.  Ci*^»«.,  a,  353-373, 
iSS8. 

*  "Ueber  die  Danipfspannung  von  verdunnten  I«osungen  fliichtiger  Sto£fe."  :  Ztschr. 
phys,  Chtm.^  a,  405-414, 18S&. 
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ence  of  concentrations  of  mixtures  of  two  volatile  substances  in 
equilibrating  gaseous  and  liquid  phases,  and  the  depression  of 
the  vapor-tension,  which  permit  of  experimental  verification. 
Planck  assumes  the  applicability  of  the  law  of  Raoult-van't  Ho£f 
and  that  of  Henry  to  the  case  of  the  vapor-tensions  of  mixtures 
of  volatile  substances  (liquids);  that  is,  there  must  be  direct 
proportionality  between  lowering  of  vapor-tension  and  molecu- 
lar concentration,  and  also  between  concentration  in  liquid  phase 
and  partial  pressure  in  gaseous  phase ;  furthermore  he  states 
expressly  that  his  deductions  are  made  for  the  case  of  dilute 
solutions  only,  and  that  the  substances  in  all  phases  of  a  system 
consist  of  normal  molecules. 

Such  a  system  made  up  of  a  liquid  and  gaseous  mixture  in 
contact  may  be  represented  by  the  symbol : 

where  n  and  n^  represent  numbers  of  molecules,  and  tn  and  /», 
molecular  masses ;  the  accented  letters  refer  to  the  vapor,  and  the 
unaccented  to  the  liquid ;  those  written  with  the  subscript  have 
reference  to  the  dissolved  substance,  those  without  subscript  to 
the  solvent;  n  and  n'  are  large  in  comparison  with  «,  and  «/. 
The  numerical  concentrations  of  the  individual  substances  are : 

r  — •  r  -—   1— •  cz^z •   C    ""• 


If  a  reaction  supervenes  occasioning  the  following  changes  in 
the  numbers  of  the  molecules: 

equilibrium  occurs,  in  case  this  condition, 

>^  log  ^:+ K,  log  ^,  +  r '  log  ^  +  r , '  log  ^:/ =  log  A", 
is  fulfilled* ;  A^  is  a  function  of  pressure  and  temperature.  In  the 
case  before  us,  we  have  two  different  reactions  to  consider :    the 
vaporization  of  the  solvent  and  that  of  the  dissolved  substance. 
Accordingly : 

1.  >'= — r    >',  =  o    y=ii     y}=^o 

2.  y=:o        ;^i=i     x'=o    ;^/=i 
The  necessary  conditions  for  equilibrium  are : 

1  See  M.  Planck.    Ueber  die  Vermehrung  der  Entropie.    Ann.  der  Phys.  IVied.^  ^^^ 

489. 1887.) 
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—  log  r+  log  ^  =  log  K 

— logc^  4-  log  r/ = log  /r,, 

or,  if  it  be  taken  into  consideration  that  c  and  c'  differ  but  little 
from  unity,  and  if  members  of  higher  degrees  be  neglected : 

c.-c/=iog/r, 
iog^=iogyr,. 


and  c' 


Only  the  first  of  these  relations  can  be  gotten  into  a  form  ex- 
perimentally verifiable  in  the  present  state  of  our  knowledge, 
and,  accordingly,  it  alone  will  be  treated  of  in  this  review. 

A^  is  not  a  directly  known  function  of  temperature  and  pres- 
sure, and  in  order  to  get  its  expression  in  terms  of  those  energy- 
factors,  use  must  be  made  of  the  thermodynamic  differential 

equation  : 

d  (log  AT) V 

dp        ""       T' 

F' being  the  change  of  volume  occasioned  by  the  reaction  at 
the  temperature  T,  log  A^ developed  in  a  series  according  to  powers 
of  (p — p^)  becomes: 

iog^=iogA;+(/-A)(^^^)^+ 

The  subscript  (^)  indicates  that  for  p  the  value  p^  is  to  be 
placed ;  on  account  of  the  great  dilution,  {p^p^)  must  be  small, 
and  hence  all  terms  in  the  series  can  be  neglected  after  the  first 

V 
power.     If  the  term  -~  be  substituted  for  the  differential  quo- 
tient, the  equation 

is  obtained. 

* 

F,  is  the  change  of  volume  of  the  system,  when,  at  the  tem- 
perature Z"  and  under  the  pressure  ^„  a  gram  molecule  of  the 
solvent  vaporizes ;  accordingly  we  can  put  for  it  the  molecular 

T 
volume  of  the  vapor,  which  is  equal  to—  by  Boyle's  and  Gay- 

Lussac's  laws ;  we  then  obtain 
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K^  depends  only  on  the  temperature  and  remains  constant 
during  isothermal  changes  of  pressure.  If  we  take  /=/,,  we 
have  to  do  with  the  pure  solvent,  and  r,  and  r/  must  be  equal  to 
zero,  as  well  as  log  K  also ;  and  generally  we  may  put 

In  words  this  relation  runs  thus :  **  The  relative  depression  of 
the  vapor-tension  is  equal  to  the  difference  between  the  concen- 
trations of  the  dissolved  substance  in  the  liquid  and  in  the  vapor. ' ' 

Planck  also  got  another  expression  for  the  differences  between 
the  concentrations  (c^ — r/)  in  the  following  manner :  If  the  equa- 
tion ^j — r/=log  K  be  developed  in  a  series  according  to  the 
powers  of  T —  T^y  the  series 

iog^=iogA'.+  (r-7;)(i^)  + 

is  obtained.  Treating  this  equation  in  a  way  similar  to  that  taken 
in  the  previous  case,  and  making  use  of  the  thermodynamic  re- 
lation, 

(y(logA-)_  Q 

we  obtain  the  expression 

where  Q  is  the  heat  which  is  derived  from  the  exterior,  when  a 
gram-molecule  of  the  solvent  vaporizes  at  the  temperature  T^  and 
under  the  pressure/.  Planck  accordingly  enunciates  this  law  : 
**  The  difference  in  the  concentrations  of  the  dissolved  substance 
in  the  liquid  and  in  the  vapor  is  equal  to  the  rise  in  the  boiling 
point,  divided  by  the  square  of  the  boiling  point  and  multiplied 
by  the  molecular  heat  of  vaporization  of  the  solvent." 

From  experiments  by  Konowalow  (loc,  cit,)  on  mixtures  of  for- 
mic acid  and  water  and  of  isobutyl  alcohol  and  water,  Planck 
calculated,  according  to  his  two  formulas  just  given,  the  concen- 
tration in  the  gaseous  phase,  a  satisfactory  correspondence  be- 
tween the  two  sets  of  data  being  found. 

Le  Chatelier*,  in  his  remarkable  paper  on  chemical  equilib- 

1  Recherches  ExperinientAles  et  Thdoriques  sur  les  Kquilibres  Chimiques :  Extrait 
des  Annates  des  Mines  dc  Mars-Avril,  j888,  281. 
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rium,  devotes  a  section  to  the  theoretical  treatment  of  the  vapor- 
tension  of  a  mixture  of  liquids.  The  expression  finally  arrived 
at  is  quite  complicated,  and,  although  important  results  may  be 
probably  obtained  by  its  applications,  it  is  not  expedient  to  enter 
into  its  development  here. 

A.  Winkelmann*,  in  seeking  experimental  proof  of  the  fela- 
tions  established  by  Planck  {loc,  cit,)  between  the  composition 
of  liquid  mixtures  and  their  vapors,  condensed  some  of  the  va- 
pors arising  from  a  solution  and  ascertained  the  composition  of 
the  condensed  vapors,  or  liquid  by  measuring  its  index  of  refrac- 
tion. The  experiments  were  made  with  mixtures  of  water  and 
propyl  alcohol ;  there  is  undoubtedly  a  correspondence  between 
his  experiments  and  Planck's  theory,  but  it  cannot  be  said  to  be 
very  close. 

Nemst*  also  has  found  an  expression  for  the  concentration  of 
a  volatile  dissolved  substance  in  the  gaseous  phase  in  terms  of 
vapor- tensions.  If.w  be  the  number  of  molecules  of  dissolved 
substance  contained  in  N  molecules  of  a  solvent,  k  a  factor  of 
proportionality  corresponding  to  the  absorption  coefficient  of  the 
dissolved  substance,  and  p  the  partial  pressure  of  the  vapor  of  the 
dissolved  substance  in  the  saturated  vapors  over  the  solution,  by 
Henry's  law,  the  equation 

may  be  formed.     The  vapor-tension  of  the  solvent  Pis 

P=.P-^ 

•  iV+  n 

where  P^  is  the  vapor-tension  o£  the  pure  solvent  at  the  tempera- 
ture in  question. 

According  to  Dalton's  law,  the  total  pressure  of  the  saturated 
vapor  n  of  the  solution  is 

n=:P-\-p 

lUeberdie  ZusammenseUuug  des  Dampfes  aus  Plussigkeitgremischen :  Ann.der 
fitys.  Witd.y  39, 1-15,  t9(fo. 

3  Vertheilung  eines  Stoffes  zwischen  zwei  L5sungsmittel  und  zwischen  Losungsmit- 
tel  und  Dampf raum  :  Darapfspannuugenverdiintiter  Loauugen  flucbtiger  Stoffe  Ztsckr. 
phys.  Chem.,  8, 124, 1891. 
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and  the  composition  of  the  vapor  may  be  shown  to  be 

j^     n^      ^    P 

Where  A^  and  n*  have  the  same  significance  for  the  vapor  as 
N  and  n  have  for  the  liquid  mixture. 

Nemst  gives  in  a  little  table  a  comparison  of  the  data  calcula- 
ted by  his  formula  with  those  obtained  by  the  use  of  Planck's 
formula,  both  in  turn  being  compared  with  the  results  of  Win- 
kelmann's  experiments. 

Tabids  I. 
Mixture  of  6.2  grains  propyl  alcohol  and  ^j.^^rawf^  water. 


p^l 

TT 

P 

P 

n' 

Per  cent  alcohol  in  vapor. 

Winkel- 
mann. 

■                     '  ■% 

t 

ir-Vn' 

Nemst    Planck. 

17.65 

15.0 

20.8 

14.7 

6.1 

0.293 

a  •  •  • 

58.0         64.2 

31.5 

31.3 

•    •    •    • 

30.7 

•  •  •  • 

•  •  •  • 

52.3 

59.4         66.0 

40.3 

55-7 

79.4 

54.6 

24.8 

0.312 

57.4 
60.8 

60.2         67.2 

510 

96.7 

138.7 

94.8 

43-9 

0.316 

61.9         67.7 

It  is  apparent  that  Nemst's  calculated  data  correspond  better 
with  the  data  observed  than  do  those  calculated  by  Planck's  for- 
mula, although  the  correspondence  in  no  case  can  be  reckoned 
very  close ;  it  must  be  kept  in  mind,  however,  that  Winkelmann's 
method  is  not  very  exact,  and  that  the  vapor- tensions  and  com- 
position of  distillates  have  been  measured  on  chemical  prepara- 
tions from  different  sources.  A  difference,  which  may  be  called 
an  advantage,  between  Nemst's  and  Planck's  formulas,  is  that 
the  former  is  not,  like  the  latter,  restricted  to  the  consideration 
of  dilute  solutions  only. 

Nernst  has  also  developed  certain  views  in  regard  to  the  vapor- 
tensions  of  binary  mixtures  of  volatile  liquids.* 

Taking  as  base  of  his  considerations  the  empirical  law :  the 
vapor-tension  of  a  liquid  is  lowered  when  a  foreign  fixed  sub- 
stance is  dissolved  in  it ;  he  states  that  this  law  is  applicable  also 
to  solutions  of  volatile  substance,  only,  in  this  case,  the  superin- 
cumbent vapor  consists  not  of  that  of  the  solvent  alone,  but  of  a 
mixture  of  those  of  the  dissolved  liquid  and  of  the  solvent ;  the 
gaseous  phase  of  the  system  contains  both  components  of  the  so- 

1  Tkeor,  Chem.  97,  iSgj^  and  Siede  and  Schmelspunkt,  67, 1894. 
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lution,  and  according  as  the  partial  pressure  of  one  component  is 
greater  or  less  than  the  diminution  of  the  vapor-tension  of  the 
other  which  it  causes  by  its  presence,  the  total  tension  of  the  so- 
lution is  greater  or  less.  If  now  a  small  quantity  of  a  liquid,  A, 
be  added  to  a  liquid,  B,  the  vapor-tension  of  B  will  be  dimin- 
ished proportionally  to  the  quantity  of  A  added ;  but  the  total 
pressure  of  the  resulting  solution  will  be  increased,  inas- 
much as  A  as  well  as  B  gives  off  vapors,  and  the  partial  pres- 
sure of  A  is  so  much  the  greater  as  the  solubility  of  the  vapor  A 
in  the  solution  is  smaller.  According  as  the  first  or  the  second 
influence  preponderates,  the  vapor- tension  of  the  solution  will  be 
smaller  or  greater  than  that  of  the  liquid  B  in  a  state  of  purity. 
Since  the  properties  of  such  a  mixture  must  vary  continuously 
-with  the  composition,  the  influence  of  the  proportions  of  the  two 
liquids  upon  the  vapor-tension  of  the  mixture  may  be  considered 
under  three  cases. 

1 .  The  vapors  of  both  A  ^nd  of  B  are  easily  soluble  in  each 
other.  If  we  add  ever-increasing  quantities  of  A  to  B  the  vapor- 
tension  of  the  mixture  will  at  first  sink  to  a  minimum  and  then 
rise,  until,  when  a  very  great  quantity  of  A  has  been  added,  it 
will  approximate  to  that  of  the  liquid  A  in  a  state  of  purity. 

2.  The  vapors  of  A  and  of  B  are  but  slightly  soluble  in  each 
other.  If  constantly  increasing  quantities  of  A  be  added  to  B, 
the  vapor-tension  increases,  reaches  a  maximum,  and  decreases 
when  a  large  excess  of  A  has  been  added,  to  that  of  the  pure 
liquid  A. 

3.  The  vapor  of  A  is  easily  soluble  in  B,  while  the  vapor  of  B 
is  but  slightly  soluble  in  A.  The  addition  of  constantly  increas- 
ing quantities  of  one  liquid  to  the  other  causes  the  vapor-tension 
of  the  resultant  mixture  to  pass  without  maximum  or  minimum 
from  the  vapor-tension  of  the  second  liquid  to  that  of  the  first. 
But  it  is  perhaps  possible  that  the  vapor  of  B  in  A  is  so  difficultly 
soluble  that  the  addition  of  a  small  portion  of  B  to  A  elevates  the 
vapor-tension,  while  at  the  same  time  the  vapor  of  A  is  so  easily 
soluble  in  B  that  by  addition  of  A  to  B  the  vapor-tension  is  low- 
ered. In  that  case,  when  B  is  added  to  A  the  vapor-tension  in- 
creases at  first,  passes  through  a  maximum,  decreases  to  pass 
through  a  minimum,  finally  rising  and  approximating,  when 
great  excess  of  B  is  present,  to  that  of  the  pure  liquid  B. 
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Recently,  George  U.  A.  Kahlbatim'  and  his  assistants  have  de- 
termined according  to  the  dynamic  method  the  yapor-tensions  at 
different  temperatures  of  mixtures  of  water  with  formic  and  with 
acetic  acid ;  also  of  mixtures  of  various  acids  of  the  fatty  series. 
The  determinations,  which  are  very  numerous.,  have  been  made 
by  a  method  and  with  material  undoubtedly  capable  of  giving 
the  best  of  results;  it  is  to  be  regretted,  however,  that  associa- 
ted, instead  of  normal,  liquids  were  taken. 

It  is  seen  in  the  foregoing  historical  sketch  that  only  in  the 
rarest  cases  have  mixtures  of  normal  liquids  been  investigated 
as  to  their  vapor-tensions,  and  the  partial  pressures  of  the  consti- 
tuents of  the  vapor  been  determined.  Now,  as  already  stated 
on  page  617,  in  order  to  get  a  full  knowledge  of  the  phenomena 
of  vaporization  of  mixtures  of  volatile  liquids,  we  must  learn 
what  the  partial  pressures  of  each  is,  when  converted  into  vapor 
in  equilit)rium  with  the  liquid  phase  ;  and  we  are  the  more 
likely  to  get  clear  ideas  by  investigating  the  simplest  mixtures 
first,  that  is,  mixtures  made  up  of  simple  normal  molecules. 
Having  by  considerations  similar  to  these  been  led  to  take  nor- 
mal liquids  to  form  the  mixtures,  the  vapor-tensions  of  which 
are  to  be  determined,  my  first  task  was  to  devise  some  experi- 
mental method,  which  furnishes  a  means  of  measuring  the  par- 
tial tensions  of  the  vaporous  members  of  a  system  of  bodies.  In 
order  to  do  this,  it  is  almost  indispensable  that  the  composition 
of  the  vapor  be  known,  for,  that  being  the  case,  it  is  easy  to  de- 
termine what  part  of  the  total  pressure  is  to  be  attributed  to  each 
of  its  components.  The  problem  then  reduces  itself  to  one  of  a 
simple  analysis  ;  but  the  difficulty  is  to  get  the  vapor  away  from 
the  liquid  with  which  it  is  in  equilibrium  without  its  composi- 
tion becoming  changed  during  the  operation.  If  the  so-called 
static  method  of  determination  of  vapor-tensions  be  adopted,  it 
is  possible  by  enlargement  of  the  barometric  vacuum  to  be  filled 
by  the  vapor,  and,  after  equilibrium  has  been  attained,  by  sepa- 
ration of  the  liquid  from  the  vapor  by  means  of  a  stop-cock  or 
other  arrangement,  to  get  enough  of  vapor  to  permit  of  its  analy- 
sis.    But  a  small  amount  can  be  obtained,  however,  and  there  is 

iStudlen  (Iber  Dampfkraftmessungen.  Basel,  i8^. 
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great  danger  that  the  composition  of  the  liquid  mixture  becomes 
considerably  changed. 

It  is  possible  to  collect  some  of  the  condensed  vapor  given  off 
by  a  boiling  mixture  of  liquids,  and  determine  its  composition, 
as  did  Duclaux  in  the  paper  cited  above  (page  620).  Here, 
although  it  is  easy  to  get  a  sufficient  quantity  of  the  condensed 
mixture  of  vapor  to  permit  of  quite  accurate  analysis, — ^provided 
that  a  method  of  analysis  of  the  two  liquids  in  question  had  been 
elaborated, — the  change  of  concentration  of  the  solutionduring  the 
boiling  as  well  as  the  concurrent  change  of  temperature,  together 
with  the  other  disturbing  circumstances,  render  the  accuracy  of 
such  work  rather  illusory. 

Accordingly,  another  means  of  determination  of  vapor-ten- 
sions had  to  be  found  for  the  purpose  of  this  investigation  ;  and, 
indeed,  the  method  founded  upon  the  determination  of  the  quan- 
tity of  a  volatile  liquid  carried  off  by  a  definite  volume  of  an 
inert  gas  made  to  pass  through  it,  and  the  direct  subsequent  analy- 
sis of  the  gaseous  mixture,  either  by  passing  it  through  appro- 
priate liquid  absorbents,  such  as  an  alkali,  where  one  of  the  com- 
ponents of  the  gaseous  mixture  is  an  acid,  or  over  decomposing 
agents,  such  as  red-hot  lime,  etc.,  in  case  one  of  the  components 
contains  sulphur  or  a  halogen,  has  been  adopted  ;  the  method, 
be  it  said  right  here,  has  been  found  to  meet  the  requirements  of 
the  investigation  in  a  satisfactory  manner.  It  is,  indeed,  true 
that  the  variety  of  the  liquids  which  can  be  subjected  to  investi- 
gation is  limited,  for  one  member  of  a  mixture  must  needs  be  a 
liqpid  containing  a  halogen  or  sulphur  atom,  or  an  acid.  Still  it 
is  possible  to  find  enough  such  liquids  of  differing  functions  that 
the  results  obtained  by  them  can  without  question  be  transferred 
tfo  mixtures  made  up  of  any  normal  liquids  whatsoever,  and  any 
conclusions  drawn,  become  general. 

3.    DESCRIPTION  OF  APPARATUS. 

It  is  of  prime  importance  in  the  determination  of  vapor-teri- 
sions  that  the  temperature  be  kept  uniform ;  accordingly  I 
describe,  first  of  all,  the  apparatus  employed  for  that  purpose. 

Thermostat. — This  consisted  of  a  cylindrical  copper  vessel 
holding  nearly  forty  liters  of  water.     It  was  heated  by  means  of 
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a  ring  burner ;  the  pressure  of  the  gas  was  kept  constant  by 
means  of  a  pressure-regulator,  and  a  thenno-regulator  as  de- 
scribed by  Ostwald,*  controlled  the  combustion  of  the  gas.  To 
insure  uniformity  of  temperature  in  all  parts  of  the  bath,  the 
water  was  kept  in  constant  agitation  by  means  of  a  number  of 
fine  streams  of  air  blown  up  through  it,  the  laboratory  being 
provided  with  air  under  pressure.  Such  a  means  of  agitation 
gives  very  satisfactory  results ;  it  takes  up  but  very  little  room, 
and  permits  of  the  examination  of  the  pieces  of  apparatus 
plunged  in  the  water  by  shutting  off  for  a  few  seconds  the  flow 
of  the  air. 

The  temperature  of  the  bath  remained  constant  to  within  0.05*" 
during  an  experiment ;  the  thermometer  employed  was  one 
graduated  to  tenths  of  degrees,  and  had  recently  been  tested  by 
the  **Physikalische  Reichs^anstalt  * '  of  Berlin. 

The  apparatus  consisted  of  three  principal  parts,  each  made 
up  from  material  easily  found  in  almost  every  chemical  labora- 
tory. The  first  part  consists  of  those  pieces  required  to  meas- 
ure a  definite  volume  of  air,  to  compress  it  enough  to  force  it 
through  the  apparatus,  and  to  dry  it  thoroughly;  the  second 
part  is  the  contrivance  for  saturating  the  volume  of  air  with  the 
vapor  of  the  liquid  under  examination  ;  and  the  third  is  the 
arrangement  for  the  analysis  of  the  gaseous  mixture. 

First  Principal  Part  of  Apparatus, — This  consists  of  a  meas- 
uring vessel,  a  vessel  for  regulating  the  internal  pressure,  a 
manometer,  and  a  system  of  drying-tubes.  I  pass  to  the  descrip- 
tion of  each. 

The  Measuring  Vessel  consists  of  an  ordinary  bottle  of  a 
capacity  varying  from  one  to  three  liters,  according  as  it  ife 
required  to  employ  a  larger  or  a  smaller  volume  of  air ;  the 
height  of  the  bottle  should  be  such  that  only  the  neck  is  above 
the  water ;  in  its  neck  is  fitted  a  good  rubber  stopper  through 
which  passes  one  branch  of  a  J  tube.  This  branch  of  the  T  tube 
is  made  of  tubing  of  about  a  quarter  inch  bore,  and  is  about  eight 
inches  long,  while  the  other  branch  has  only  half  this  bore,  with 
a  length  of  about  three  inches.     The  wider  branch  of  the  tube  is 

1  Ztschr.  phys.  Chem.,  a,  565, 1888. 
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pushed  through  the  stopper  so  that  its  lower  edge  is  just  flush 
with  that  of  the  rubber,  and  care  is  taken  that  this  adjustment 
is  in  every  experiment  maintained,  as  well  as  that  the  stopper  is 
always  inserted  to  the  same  distance  in  the  neck  of  the  measur- 
ing vessel.  In  the  upper  end  of  the  wider  branch  of  the  T  tube 
is  inserted  (an  air-tight  joint  being  assured  by  the  use  of  rub- 
ber tubing)  a  tube  somewhat  drawn  out  and  narrowed  at  its 
lower  end,  and  provided  with  a  stop-cock  at  its  upper  end.  The 
end  of  the  lower  part  must  be  about  a  half  inch  above  level  of  the 
stop  of  the  measuring  vessel,  and  the  upper  end  is  put,  by  means 
of  a  piece  of  rubber  tubing,  in  communication  with  a  water  sup- 
ply at  constant  level  about  a  yard  above  the  thermostat.  If  the 
stop-cock  be  opened,  water  will  flow  into  the  vessel,  and  dis- 
place the  air  therein  contained  which  escapes  through  the  side 
branch,  which,  being  in  the  middle  of  the  vertical  branch,  is  an 
inch  or  so  above  the  orifice  of  the  tube  introducing  the  water. 

Sufficient  mercury  is  poured  into  the  vessel  to  make  it  sit 
firmly  on  the  floor  of  the  thermostat.  The  residual  volume  of 
the  vesisel  is  carefully  determined  by  pouring  into  it  from  gradu- 
ated vessels,  enough  water  to  fill  it  up  to  the  level  with  the 
upper  surface  of  the  stopper.  If  the  adjustment  of  the  stopper 
and  the  tubes  be  always  the  same,  duplicate  determinations  of 
the  capacity  do  not  differ  by  more  than  one-half  cc.  If  the  same 
volume  of  mercury  always  be  taken,  the  volume  of  water  will 
represent  the  volume  of  air  passed  through  a  liquid  or  mixture 
of  liquids  undergoing  investigation  in  all  determinations. 

It  is  superfluous  to  make  corrections  for  the  expansion  of  the 
mercury  and  the  glass  when  determinations  of  vapor-tensions 
are  made  at  higher  temperatures,  as  the  error  of  the  estimation 
of  the  capacity  exceeds  the  amount  of  the  corrections. 

The  Pressure  Regtdator  consists  of  a  bottle  of  any  convenient 
size,  provided  with  enough  mercury  to  make  it  stand  steadily 
under  water,  and  fitted  with  a  twice  perforated  rubber  stopper. 
Through  one  of  the  holes  of  the  stopper  passes  9.  tube  nearly  to 
the  level  of  the  mercury  and  furnished  with  a  stop-cock  at  its 
upper  end  ;  this  tube  is  connected  by  means  of  rubber  tubing 
with  the  same  water  source  as  the  measuring  vessel.  In  the 
other  hole   is  fitted  a  J  tube,  of  which  one  of  the  horizontal 
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branches  is  connected  by  means  of  a  bit  of  stout  rubber  with  the 
narrower  branch  of  the  X  tube  belonging  to  the  measuring  ves- 
sel, while  the  other  is  attached  by  rubber  tubing  to  the  other 
parts  of  the  apparatus.  If  water  be  run  into  the  bottle  serving 
as  pressure  regulator,  the  air  in  it  is  compressed  until  it  can 
force  itself  through  the  liquid  with  the  vapor  of  which  it  is  to  be 
saturated. 

The  Manometer  is  intended  to  measure  the   amount  of  this 
compression  or  the  internal  pressure ;   it  is  made  of  ordinary 

glass  tubing  bent  into  U 
shape,  with  the  branches 
about  two  feet  long.  It  may 
be  put  between  the  meas- 
uring vessel  and  the  pres- 
sure-regulator, or  between 
the  drying  tubes  and  the 
latter  ;  I  have  found  it  most 
convenient,  however,  to 
melt  it  into  the  vertical 
branch  of  the  J  tube  of  the 
measuring  vessel  just  oppo- 
site the  horizontal  branch, 
as  shown  in  Fig.  i.  The 
manometries  liquid  is  water, 
and  the  differences  of  the 
heights  of  the  liquid  col- 
umns of  the  two  branches, 
is  read  to  a  millimeter  by 
means  of  a  metric  rule ;  the 
readings  are  then  easily- 
exact  to  a  tenth  mm.  of 
mercury. 

The  Drying  Tubes  can,  of 
Fio.  r.  course,  be  of  various  shapes 

and  filled  with  various  drying  agents.  Liquids,  such  as  strong 
sulphuric  acid,  must  be  rejected,  however,  as  they  increase  the 
internal  pressure,  and  often  cause  an  irregularity  in  the  flow  of 
the  gas,     I  found  U  tubes  to  be  the  best  shape,  and  grains  of 
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pumice  stone,  soaked  in  concentrated  sulphuric  acid,  the  best 
drying  agent ;  a  length  of  at  least  sixty  centimeters  is  to  be 
taken,  and  the  pumice  must  be  changed  often.  When  it  be- 
comes necessary,  in  work  on  acid  solutions,  to  remove  the  carbon 
dioxide  from  the  air,  an*  additional  tube  filled  with  soda  lime  is 
taken.  At  the  end  of  the  last  U  tube,  a  mercury  valve  is  attached 
to  prevent  the  backward  diffusion  of  the  vapors ;  this  is  of  the 
smallest  size  convenient,  and  the  delivery-tube  dipping  into  the 
mercury  of  capillary  dimensions. 

Second  Principal  Part  of  Apparatus,  This  is  the  absorption 
vessel,  which  may  consist  of  a  simple  potash  bulb  according  to 
Mohr.  I  found  it  better,  however,  to  add  two  more  bulbs,  making 
five  small  and  two  large  ones.  As  liquids  which  dissolve  rubber 
somewhat  were  often  introduced  into  the  apparatus,  and  as  it 
was  necessary  to  let  it  stand  sometime  before  weighing,  the  outlet 
and  inlet  tubes  were  provided  with  tiny  ground  glass  stoppers. 
At  first  the  bulbs  were  shut  up  in  a  copper  case  set  in  the  ther- 
mostat ;  the  case  had  holes  in  its  sides,  below  the  surface  of  the 
water,  for  the  conduction  and  abduction  of  air,  platinum  capil- 
laries and  ground  glass  caps  being  employed  to  make  the  con- 
nections. This  arrangement  was  not,  however,  found  satisfac- 
tory, since  one  was  never  sure,  air  being  such  a  bad  conductor 
of  heat,  that  the  contents  of  the  bulbs  had  the  same  temperature 
as  that  of  the  bath.  Also,  the  platinum  tubes  proved  to  be  very 
delicate,  breaking  readily  if  bent  often,  which  was  inevitable. 
It  was  accordingly  found  best  to  plunge  the  absorption  vessel 
directly  into  the  water  of  the  bath,'  connection  with  the  system  of 
drying  tubes  being  made  with  a  bit  of  stout  rubber  tubing  of 
small  bore.  When  the  vessel  was  removed  from  the  water  it 
was  carefully  wiped  dry  and  set  in  the  balance  case,  the  atmos- 
phere of  which  was  kept  dry  by  means  of  concentrated  sulphuric 
acid. 

Third  Principal  Part  of  Apparatus, — In  order  to  analyze  the 
mixture  of  vapors  issuing  from  the  absorption  vessel  two  modifi- 
cations of  this  part  of  the  apparatus  are  required — one  to  be  em- 
ployed when  the  gaseous  mixture  contains  a  halogen  compound 
of  carbon,  and  the  other  when  it  contains  an  acid.  In  the  first, 
the  compound  was  decomposed  by  heated  lime,  and,  in  the  sec- 
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Olid,  the  acid  was  absorbed  by  a  solution  of  potash  or  baryta. 
Ill  the  following  lines  a  description  of  each  is  given : 

( 1 )  The  outlet  tube  of  the  absorption  apparatus  is  fitted  by 
means  of  a  good  cork  into  one  branch  of  a  ()  tube  of  rather  thick 
glass ;  this  branch  is  bent  at  right  angles  at  about  the  middle  of 
its  length,  while  the  other  branch  is  left  straight.  The  latter 
branch  is  held  clamped  to  a  heavy  and  hence  steady  retort-stand 
set  beside  the  thermostat,  and  is  connected  by  means  of  a  narrow 
lead  tube  to  a  tube  of  hard  glass  placed  in  the  gutter  of  a  com- 
bustion furnace.  In  the  further  end  of  the  hard  glass  tube,  a 
Maquenne  absorption  apparatus,  containing  a  little  dilute  nitric 
acid,  is  inserted,  the  connection  being  made  with  a  rubber  stop- 
per ;  this  outlet  of  the  absorption  apparatus  is  in  communication 
with  a  suction  pump,  and  in  the  rubber  tube  making  this  con- 
nection a  T  tube  is  interposed,  over  the  open  end  of  which  is 
slipped  a  piece  of  rubber  tubing  long  enough  to  reach  to  the 
thermostat.  When  this  tube  is  open,  the  interior  of  the  apparatus, 
up  to  the  liquid  in  the  absorption  vessel,  is  under  atmospheric 
pressure ;  if  it  be  pinched  together  a  little  so  as  to  prevent 
enough  air  to  feed  the  suction  pump  from  entering,  the  pressure 
in  the  apparatus  may  be  made  less  than  that  of  the  atmos- 
phere ;  by  this  little  device  it  is  possible  to  regulate  the  pressure 
with  great  nicety. 

(2)  This  analyzing  apparatus  consists  simply  of  a  potash 
bulb,  according  to  Liebig,  made  of  thick  glass ;  one  branch  is 
flared  out  to  receive  the  outlet  tube  of  the  absorption  vessel,  and 
the  other  is  straight  so  as  to  glide  up  and  down  in  a  clamp  of  a 
retort  stand. 

The  pieces  of  apparatus  just  mentioned  will  receive  comple- 
mentary description  in  the  directions  for  performing  experiments. 

Per/ormance  of  an  Experiment  when  the  Mixture  Contains  an 
Organic  Halogen  or  Sulphur  Compound, — The  hard  glass  tube 
(about  eighty  cm.  long)  is  filled  with  lime  or  sodium  carbonate 
just  as  ill  a  determination  of  halogens  in  organic  analysis,  joined 
to  the  lead  tubing  which  establishes  communication  with  the  U 
tubes  held  in  a  clamp  just  above  the  surface  of  the  water  in  the 
thermostat,  and  placed  in  the  furnace.  The  gas  is  now  lighted 
and  the  tube  with  its  contents  heated  up  to  a  red  heat,  while  a 
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current  of  dried  air  is  passed  through  it  to  remove  all  moisture. 

The  measuring  vessel,  the  pressure-regulator,  and  the  system 
of  drying-tubes  ^re  joined  air-tight  together,  and  so  set  in  the 
thermostat  that  as  much  room  as  possible  is  left  for  the  absorp- 
tion vessel. 

The  absorption  vessel  is  filled  with  the  liquid  or  solution  under 
examination,  a  few  bubbles  of  air  arawn  through  so  as  to  get  the 
liquid  beforehand  in  the  right  position,  and  carefully  weighed! 
It  is  then  connected  with  the  ()  tube  (of  course,  no  air  is  now 
being  passed  through  the  analyzing  tube) ,  and  after  a  couple  of 
minutes  of  half  submersion  in  the  bath,  it  is  attached  to  the  sys- 
tem of  drying  tubes.  It  is  now  wholly  submerged  in  the  bath 
and  air  is  made  to  pass  through  it  as  follows  : 

The  stop-cock  of  the  pressure-bottle  is  opened  so  that  water 
may  be  run  in  slowly  and,  by  compression  of  the  air,  gradually 
increase  the  internal  pressure.  As  soon  as  bubbles  of  air  com- 
mence to  pass  out  of  the  absorption  vessel,  the  stop-cock  of  the 
pressure-regulator  is  closed,  and  that  of  the  measuring  vessel 
opened.  The  water  issues  in  drops  or  a  fine  stream  in  full  sight 
of  the  opeiator,  audits  rapidity  of  flow  can  be  very  easily  regu- 
lated. Experience  has  taught  me  that  about  a  liter  an  hour  was 
about  the  best  rate ;  ;after  a  brief  acquaintance  with  the  apparatus, 
it  is  possible  to  judge  very  closely  from  the  rate  of  the  flow  how 
long  it  will  take  for  the  measuring  vessel  to  become  filled. 
While  the  operation  is  proceeding,  the  height  of  the  manometric 
column  is  read  off  at  several  different  times ;  if  the  rate  of  flow 
is  constant  this  does  not  vary  by  more  than  one  or  two  mm.  of 
water,  or  less  than  one-tenth  mm.  of  mercury. 

The  barometer  is  also  read  off  at  the  beginning  and  at  the  end 
of  the  experiment ;  in  all  my  determinations,  the  difference  of 
the  two  readings  was  less  than  one  mm.  of  mercury. 

A  minute  or  so  before  the  measuring  vessel  is  full,  the  absorp- 
tion bulbs  are  lifted  out  of  the  water  enough  to  bring  the  end 
tubes  about  two  inches  above  the  surface,  and  there,  together 
with  the  joining  tube  on  one  side  and  the  cork  and  end  of  (J  tube 
on  the  other,  are  carefully  dried  with  filter-paper.  When  the 
water  in  the  measuring  flask  has  reached  the  mark  on  the  T  tube 
(level  of  cork),  the  absorption  vessel  is  detached  from  the  dry- 
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ing  tubes,  and  the  little  glass  stopper  fitted  into  its  inlet  tube. 
Immediately  after  this  operation,  the  connection  between  the 
absorption  vessel  and  the  ||  tube  is  broken,  and  as  soon  as  this 
is  done  a  perforated  cork,  through  which  passes  a  narrow  glass 
tube  so  bent  at  right  angles  that  a  long  vertical  branch  is 
obtained  is  fitted  into  the  (j  tube,  its  object  being  to  prevent  the 
escape  by  diffusion  of  any  portion  of  vapor  contained  in  the  (I 
tube.  A  current  of  air  is  now  drawn  through  the  tubes,  slow  at 
first  to  avoid  causing  too  much  vapor  to  pass  over  upon  the 
heated  lime  all  at  once,  as,  if  there  be  a  deficit  of  air,  the  com- 
bustion is  incomplete,  and  free  carbon  collects  in  the  cooler  por- 
tion of  the  tubes ;  in  a  well  conducted  experiment,  the  lime 
should  reqjain  perfectly  white.  Towards  the  end  of  the  deter- 
mination, a  more  rapid  stream  of  air  is  drawn  through  the  appa- 
ratus, so  that  one  may  be  sure  that  all  the  halogen  compound 
has  been  brought  into  contact  in  the  decomposing  agent.  If  any 
free  carbon  collects  in  the  tube  or  if  the  dilute  nitric  acid  in  the 
Maquenne  absorption  bulb  shows  on  the  addition  of  silver  nitrate 
the  slightest  trace  of  cloudiness,  the  determination  ought  to  be 
rejected  as  untrustworthy. 

The  absorption  vessel,  as  soon  as  possible  after  its  removal 
from  the  water  in  the  thermostat,  should  be  closed  with  the 
second  tiny  stopper,  wiped  dry,  and  set  in  the  balance  case, 
where  it  takes  on  the  temperature  of  the  room.  When  this  is 
thought  to  have  taken  place,  it  is  weighed,  and  the  loss  of  weight 
set  down  as  the  evaporated  quantity  of  solution.  When  the  fur- 
nace has  cooled  down,  the  lime  tube  is  removed  and  its  contents 
washed  out  with  water  and  nitric  acid  into  a  fiask,  which  is  set 
over  a  fiame  and  boiled  until  complete  solution  ensues,  more 
nitric  acid  being  added,  if  necessary.  If  more  than  a  half  gram 
of  the  halogen  compound  has  evaporated,  the  solution  is  brought 
to  a  certain  volume  and  an  aliquot  portion  of  it  taken  for  analysis. 

Most  of  the  analyses  were  made  by  the  gra^rimetric  method  of 
determination  of  halogens  by  precipitation  with  silver  nitrate  ; 
some,  also,  were  analyzed  volumetrically,  Volhard's  method 
being  employed. 

Performance  of  an  Experiment  when  the  Mixture  contains  an 
Acid, — The  absorption   vessel  is  filled  with  the  mixture  being 
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investigated,  and  weighed  as  described  above.  It  is  then  joined 
by  means  of  a  good  cork  to  the  analyzing  apparatus,  into  which 
are  run  from  a  pipette  ten  cc.  of  a  stock  solution  of  potash  or 
bar3^a ;  the  pipette  being  provided  with  a  straight  calcium  chlo- 
ride tube  filled  with  soda  lime,  all  contamination  from  the 
carbonic  acid  of  the  breath  is  avoided.  The  alkaline  liquor  is 
of  such  strength  that  it  is  more  than  sufficient  to  neutralize  the 
vaporized  acid.  The  further  end  of  the  analyzing  arrangement 
is  closed  with  a  1)  tube  filled  with  soda  lime  so  that  the  alkaline 
solution  may  be  in  contact  with  an  atmosphere  free  from  carbon 
dioxide. 

The  two  pieces  of  apparatus  thus  filled  and  joined  together 
are  submerged  in  the  water  of  the  thermostat,  the  whole  being 
held  in  place  with  a  clamp  embracing  the  upright  tube  of  the 
analyzing  contrivance  and  attached  to  a  heavy  retort  stand. 
The  other  end  of  the  absorption  vessel  is  then  placed  in  com- 
munication with  the  drying  tubes,  etc.,  by  means  of  a  short  bit 
of  stout  rubber  tubing. 

The  internal  pressure  is  regulated  and  the  air  passed  just  as 
described  in  the  preceding  section,  note  being  taken  of  the 
amount  of  internal  pressure,  the  volume  of  the  air  and  the  bar- 
ometric height.  A  slight  correction  has  to  be  made  to  the  baro- 
metric reading  for  the  following  reason  :  after  the  air  passes  the 
liquid  contained  in' the  absorption  vessel  and  comes  into  the 
analyzing  tube,  it  is  under  a  pressure  equal  to  that  of  the  atmos- 
phere plus  that  due  to  the  weight  of  a  column  of  liquid  corres- 
ponding to  the  difference  of  level  between  the  two  surfaces  of  the 
alkaline  solution ;  this,  in  my  apparatus,  was  determined  to  be 
equal  to  one  mm.  of  mercury,  which  was  added  to  all  barometric 
readings. 

When  the  measured  volume  of  air  has  passed  through  the 
apparatus,  the  stop-cock,  through  which  water  enters  into  the 
measuring  vessel,  is  closed,  the  absorption  and  analyzing  ves- 
sels are  lifted  nearly  out  of  water,  and  after  the  joint  between  the 
absorption  vessel  and  the  system  of  drying  tubes  has  been  wiped 
dry,  it  is  broken.  Both  the  pieces  of  apparatus  are  wiped  dry 
with  bibulous  paper,  and  agitated  somewhat  so  that  any  acid 
vapors  in  the  bulbs  may  be  brought  in  contact  with  and  absorbed 
by  the  alkaline  liquor. 
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The  pieces  are  then  disconnected,  the  absorption  vessel  stop- 
pered and  set  in  the  balance-case,  while  the  contents  of  the 
analyzing  vessel  are  poured  into  a  beaker,  rinsing  being  done 
with  water  free  from  carbon  dioxide.  Without  delay,  the  excess 
of  alkali  is  estimated  by  titration  against  deci-normal  acid  solu- 
tion, and  by  a  simple  calculation,  the  quantity  of  evaporated  acid 
is  obtained. 

4.   CAI.CULATION  OP  RESULTS. 

In  the  calculations  it  is  assumed  that  the  laws  of  perfect  or 
ideal  gases  may  be  applied  to  the  mixtures  of  vapors ;  that  is, 
the  laws  of  Boyle,  Gay  Lussac,  and  Dalton.  Where  not  too 
much  vapor  is  present  in  the  gaseous  mixture  the  legitimacy  of 
this  assumption  is  unquestionable ;  and  even  though  this  condi- 
tion be  not  fulfilled,  the  approximation  to  accuracy  may  be 
sufficient  (see  section  6) . 

Calculation  of  Volume  of  Air  Passed  Through  a  Mixture, — In 
order  to  force  the  air  in  the  measuring  vessel  through  the  liquid 
in  the  absorption  vessel,  it  is  necessary  that  it  be  brought  under 
a  pressure  equal  to  that  of  the  atmosphere  plus  that  required  to 
vertically  displace  the  liquid  contained  in  the  bulbs,  the  latter 
pressure  varying  with  the  density  and  amount  of  the  mixture. 
The  volume  of  the  air  under  atmospheric  pressure  may  be  obtained 
then  as  follows : 

Let  P  represent  the  pressure  of  the  atmosphere.    Let  P^  repre- 
sent the  pressure  which  forces  the  air  through  the  liquid.     Let 
V^  represent  the  volume  of  air  under  the  pressure  -P+  P\    Let 
V  represent  the  volume  of  air  under  the  pressure  P, 

According  to  Boyle's  law,  and  inasmuch  as  the  temperature 
remains  constant, 

^ P 

Calculation  of  Composition  of 'Mixture  of  Liquid  Vaporized. — 
As  this  calculation  is  simply  one  of  quantitative  analysis,  it  is 
not  necessary  to  treat  of  its  details. 

Calculation  of  Partial  Volumes  of  Mixtures  of  Vapors, — Let  m 
represent  the  quantity  of  one  component  in  the  gaseous  mixture. 
Let  M  represent  its  molecular  mass.  Let  22.32  represent  the 
volume  in  liters  of  a  gram-molecule  of  hydrogen  at  the  tern- 
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perature  o**  and  under  the  pressure  760  mm.  Let  oc  represent 
the  coefficient  of  expansion.  I^et  v^  represent  the  volume  of 
vapor  at  the  temperature  of  the  determination  /  and  under  the 
atmospheric  pressure  p.     We  then  have 

^     m      760(1+ a/) 

V, = 22.32  —  X '    ^7^ — -^ 

Calculations  of  Partial  Pressures  of  Components  of  Vapor  Mix- 
ture.— Let  v^  represent  partial  volume  of  one  component.  Let 
v^  represent  partial  volume  of  the  other.  Let  v  represent  partial 
volume  of  air.  Let  p^  represent  partial  pressure  of  one  com- 
ponent. Let  /,  represent  partial  pressure  of  the  other.  Let  p 
represent  the  atmospheric  pressure. 

In  accordance  with  Dalton's  law, 

p=p !!i 

and 


5.    DISCUSSION  OF  SOURCES  OF   ERROR   IN  APPARATUS. 

In  order  to  make  a  just  estimate  of  the  degree  of  accuracy 
attainable  by  the  above  described  apparatus,  it  is  necessary  to 
consider  somewhat  in  detail  the  possible  sources  of  error  that 
may  accompany  a  determination  of  the  vapor-tension  of  a  liquid 
made  by  it. 

Error  in  Measurement  of  Volume  of  Air  Passed  Through  the 
Absorption  Vessel, — At  the  beginning  of  an  experiment,  both  sur- 
faces of  the  liquid  under  examination  are  under  atmospheric 
pressure ;  by  compression  of  the  air  in  the  reservoirs  and  drying 
tubes  it  is  forced  through  the  system  of  bulbs  of  the  absorption 
ai^aratus.  If,  in  all  experiments,  the  same  volume  of  liquid  be 
taken,  the  amount  displaced  will  be  the  same,  and  the  internal 
pressure  will  be  greater  or  less,  according  as  the  liquid  employed 
is  more  or  less  dense.  The  internal  pressure  in  some  determi- 
nations varies  slightly  during  their  performance ;  the  variation, 
however,  never  exceeds  a  millimeter  or  so  of  mercury.  The  use 
of  a  column  of  water  to  measure  the  internal  pressure  renders 
its  determination  very  exact.  The  atmospheric  pressure  was  found 
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to  remain  practically  constant  during  an  experiment,  which  sel- 
dom lasted  more  than  an  hour  and  a  half.  The  error  arising 
from  the  determination  of  the  pressure  to  which  the  air  in  the 
interior  of  the  apparatus  is  subjected,  can  accordingly  be  reck- 
oned so  slight  as  to  be  entirely  negligible. 

The  mercury  filled  into  the  measuring  vessel  for  the  ballast, 
as  well  as  the  volume  of  water  used  to  calibrate  the  same,  can 
be  measured  to  within  a  half  cc,  and  as  from  100  to  300  cc.  of 
mercury  and  1,000  to  3,000  cc.  of  water  were  taken,  the  error 
committed  cannot  be  more  than  a  thousandth  of  volume  of  air, 
and,  in  most  cases,  is  probably  less. 

The  air  is,  from  the  way  it  is  forced  from  the  measuring  ves- 
sel, always  measured  when  saturated  with  aqueous  vapor.  The 
drying  tubes  are  always  to  be  so  filled  with  the  drying  reagents 
as  to  leave  as  little  room  as  possible ;  I  found,  however,  by  spe- 
cial experiments,  that  the  shape  and  size  of  the  dr>'ing  tubes 
exercise  no  appreciable  influence  upon  the  quantity  of  liquid 
carried  off  by  the  air;  the  only  requisite  seems  to  be  that  they 
dry  th6  air  thoroughly. 

All  the  parts  of  the  apparatus  employed  in  measuring  the  vol- 
ume of  air  being  completely  submerged  in  the  water  of  the  ther- 
mostat, there  is  no  possibility  of  error  arising  from  non-uniformity 
of  temperature.  The  temperature  of  the  water  which  expelled 
the  air  was,  in  most  of  my  experiments,  about  20°  lower  than 
that  of  the  thermostat,  but  it  entered  the  measuring  vessel  so 
slowly  that  it  took  on  the  temperature  of  the  bath  without  dis- 
turbing, to  any  appreciable  degree,  the  prevailing  thermal  con- 
ditions. That  the  water  introduced  took  on  rapidly  the  tempera- 
ture of  the  bath  was  proven  by  the  circumstance  that,  when,  at 
the  end  of  a  determination,  the  flow  of  the  water  was  stopped,  and 
the  level  of  the  letter  was  flush  with  the  guage-mark,  if  the 
measuring  vessel,  which  in  this  condition  might  be  said  to  be  a 
rude  but  still  quite  delicate  thermometer,  was  allowed  to  stand 
undisturbed  for  some  time,  no  expansion  or,  at  most,  but  very 
slight  expansion  of  the  water  occurred. 

Error  from  Change  of  Concentration  of  Mixture, — A  source  of 
error  is  to  be  found  in  a  possible  change  of  the  concentration 
caused  by  one  or  the  other  of  the  components  of  the  mixture 
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being  carried  off  by  the  air  in  such  quantity  that  the  composition 
of  the  residual  mixture  is  not  the  same  as  at  the  beginning  of  an 
experiment;  I  think,  however,  that  the  error  introduced  in  this 
manner  is  so  slight  as  to  be  practically  negligible,  and  for  the 
following  reasons :  * 

1 .  The  shape  of  the  absorption  vessel  is  such  as  to  form  five 
chambers  almost  entirely  independent  of  one  another  as  far 
as  their  contents  are  concerned.  The  stream  of  air  becomes 
saturated  in  passing  through  the  first  two  or  three  bulbs,  and 
passes  through  the  last  two  without  changing,  to  an  appreciable 
degree,  the  composition  of  the  mixture  contained  in  them. 
That  saturation  is  complete  after  the  air  has  been  passed  through 
the  first  three  bulbs,  I  assured  myself  by  special  experiments ; 
that  is,  I  filled  only  the  three  first  bulbs,  and  found,  on  passing 
a  certain  volume  of  air  through  them,  tUat  the  evaporated  quan- 
tity of  liquid  was  the  same  as  when  the  same  volume  of  air 
under  similar  conditions  was  passed  with  all  the  bulbs  filled 
with  the  liquid. 

2.  As  from  forty  to  eighty  grams  of  solution  were  taken  in  a 
determination,  and  as  the  quantity  evaporated  rarely  exceeded 
two  grams,  it  is  evident  that,  even  if,  towards  the  last  of  the 
experiment,  the  concentration  of  the  first  bulb  had  altered  some- 
what, the  composition  of  the  mixture  in  the  fifth  bulb  would 
remain  practically  unchanged. 

3.  Most  of  the  mixtures  examined  were  made  up  of  liquids 
possessing  not  greatly  different  vapor-tensions,  so  that  the  vapors 
of  both  liquids  passed  off  in  about  the  same  proportions. 

Error  in  Analysis  of  Mixture  of  Vapors, — The  mixture  of 
vapors  on  escaping  from  the  absorption  vessel  passes  into  the  1) 
tube,  and  thence  through  the  lead  tube  into  the  analyzing  tube. 
In  order  that  no  vapor  may  condense  in  the  end  of  the  ()  tube 
flared  out  for  the  reception  of  the  cork  through  which  passes  the 
outlet  tube  of  the  bulb  apparatus,  the  latter  tube  is  ground  into 
the  horizontal  branch  which  is  somewhat  constricted  for  that 
purpose ;  the  cork  is  employed  to  give  solidity  and  stiffness  to 
the  juncture.  It  is  believed  that  by  this  means  alj  the  vapor 
passes  into  the  horizontal  branch  of  the  U  tube  where  it  is 
directly  exposed  to  the  action  of  the  entering  current  of  air. 
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Necessarily,  the  outer  branch  of  the  |)  tube  has  to  project  a  little 
out  of  the  water  of  the  bath  in  order  that  the  lead  tube  may  pass 
over  the  side  of  the  thermostat ;  hence,  as  the  upper  part  and 
the  lead  tube  are  generally  at  lower  temperature  than  the  water 
of  the  bath,  some  condensation  of  the  vapors  occurs ;  the  con- 
densed vapor  runs  down  the  tube  to  collect  at  the  bottom. 
In  order  to  vaporize  this  liquid  and  cause  it  to  pass  over  the 
glowing  lime,  it  is  necessary  to  pass  a  current  of  air  through  the 
tubes  to  complete  the  determination.  In  this  operation,  two 
sources  of  error  may  be  encountered :  First,  when  the  connec- 
tion between  the  absorption  vessel  and  the  U  tube  is  broken, 
some  of  the  vapor  with  which  the  tubes  are  filled  may  diffuse 
out  and  be  lost ;  and  second,  the  vapor  may  be  carried  along 
too  rapidly  with  the  air  to  permit  of  its  complete  decomposition 
by  the  heated  lime.  There  seems  to  be  no  simple  means  of 
avoiding  slight  loss  of  vapor  ;  still,  by  careful  manipulation  and 
rapid  operation,  the  loss  may  be  rendered  insensible. 

My  mode  of  operation  was  as  follows  :  Holding  between  the 
thumb  and  .first  finger  of  my  right  hand  the  little  stopper  of  the 
absorption  vessel,  and  between  the  thumb  and  the  first  finger  of 
my  left  hand  the  cork  and  tube  to  be  fitted  into  the  horizontal 
branch  of  the  ()  tube,  I  withdrew  the  cork,  and  at  once  inserted 
in  the  (j  tube  the  cork  and  tube.  The  time  that  the  ends  of  the 
pieces  of  apparatus  were  open  was  less  than  two  seconds,  so  that 
the  loss  must  have  been  minimal. 

A  circumstance  which  aids  in  the  prevention  of  loss  by  diffu- 
sion is,  that  the  heated  lime  tube  causes  a  slight  draft  towards 
it  when  the  (j  tube  is  open.  It  is  certainly  legitimate  to  con- 
clude that  the  error  from  this  source  is  exceedingly  slight. 

In  regard  to  the  second  source  of  error  the  greatest  precau- 
tions must  be  taken  to  prevent  its  assuming  disturbing  propor- 
tions. As  soon  as  the  connection  between  the  absorption  vessel 
and  the  (j  tube  has  been  secured,  the  pinch-cock  on  the  end  of 
the  rubber  tubing  (see  page  633)  is  closed  a*  little  so  that  air  is 
drawn  in  a  slow  stream  through  the  tubes  at  first,  and  faster 
afterwards  (see  page  634) .  The  amount  of  error  due  to  this 
source  is  best  determined  by  special  experiments  in  which  a 
weighed  quantity  of  a  pure  halogen  compound  is  introduced 
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into  the  absorption  vessel,  a  certain  volume  of  air  passed 
through  it,  all  the  usual  precautions  in  determinipg  a 
vapor-tension  being  observed,  and  a  comparison  made  between 
the  loss  by  vaporization  and  the  amount  of  the  compound  calcu- 
lated from  the  quantity  of  halogen  found  in  the  lime ;  naturally 
the  loss  should,  in  case  no  error  of  experimentation  has  occurred, 
be  equal  to  the  quantity  of  liquid  corresponding  to  the  halogen 
found  b3'  analysis.  Two  experiments  were  carried  out,  one  with 
carbon  tetrachloride,  and  the  other  with  chloroform.  The  dif- 
ference between  the  weights  and  the  liquids  before  and  after  the 
passing  of  the  air  was  for  chloroform  1.9014  grams,  and  for  car- 
bon tetrachloride  2.0178  grams;  the  results  of  analysis  gave  the 
amount  of  chloroform  to  be  1.9022  grams  and  that  of  carbon 
tetrachloride  2.0167  grams.  As  is  seen,  the  differences  between 
the  two  sets  of  results  are  not  more  than  those  due  to  the  errors 
of  analysis,  and  it  seems  that  the  error  due  to  the  analysis  of  the 
mixture  of  the  vapors  is  very  slight. 

When  an  acid  is  in  the  mixture  whose  vapor-tension  is  being 
determined,  the  error  attendant  upon  the  determination  of  the 
amount  vaporized  cannot  be  more  than  that  incurred  in  a  titra- 
tion, since  there  is  no  chance  for  the  acid  to  escape,  so  quickly 
and  directly  is  it  brought  in  contact  with  the  absorbing  alkaline 
liquor.  In  a  special  experiment,  the  loss  of  acid  from  the 
absorption  vessel  was  0.2908  grams,  while  a  titration  of  the 
solution  of  baryta  gave  as  the  amount  of  acid  0.2896  grams. 

While  the  errors  of  the  experimental  method  here  described 
seem  to  be  slight,  there  is  an  error  that  may  have  been  commit- 
ted in  the  assumption  which  lies  at  the  basis  of  our  calculations ; 
when  the  volume  of  a  vaporized  liquid  is  large  in  comparison 
with  the  total  gaseous  volume,  it  is  very  probable  that  the  vapor 
cannot  be  likened  even  approximately  to  an  ideal  gas.  This 
point  will  be  discussed  in  the  following  section. 

6.  COMPARISON  OF  THE  VAPOR-TENSIONS  OBTAINED  BY  THE 
METHOD  HEREIN  DESCRIBED  AND  THOSE  OBTAINED  BY 
OTHER  METHODS. 

Probably  the  best  way  to  judge  of  the  accuracy  of  the  results 
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obtained  in  the  determination  of  the  vapor-tensions  of  liquids  ac- 
cording to  the  method  described  in  this  paper  is  to  compare  them 
with  the  results  obtained  by  other  investigators  working  by  other 
methods.  Also  a  criterion  of  accuracy  is  to  be  found  in  the  more 
or  less  close  concordance  of  duplicate  experiments.  In  the  fol- 
lowing table  are  given  the  necessary  data  of  my  experiments  to- 
gether with  the  results  obtained  by  others.  It  was  in  some  cases 
necessary  to  interpolate  the  results  of  others  inasmuch  as  my  re- 
sults referred  to  a  limited  number  of  temperatures;  the  interpo- 
lations were  made  on  a  large  scale,  so  as  to  avoid  any  slight  in- 
accuracy. The  original  papers  of  Young  and  Regnault  I  am  now 
unable  to  consult,  and  have  to  taketheir  data  as  given  in  Landolt 
and  Bomsteins  ' '  Physikalisch-Chemische  Tabellen' '  or  other  re- 
productions. 

Table  II.' 
Fapor  Tensions  of  Pure  Liquids. 


BeDzene 

Monochlorbenzene  ■ 
Monobrombenzene  . 
Toluene 


CY> 
(Y) 
(Y) 


Metaxylene  (  not  ei 
peciftUy  purified). 

Metaxylene  {  not  e: 
pecially  purified.  ■ 

Nitrobenzene 


Carbon  tetrachloride 


Carbon  bisulphide- 
Methyl  formate  ... 
Acetic  acid < 


35.0° 


I* 

5-55 
64.48 
4S3. 
■95.8 


j6o 


■6Q.4 

172.6       (R) 

130.0 

130.8      {R> 

3<«.i       <R) 

iSa.a 

IS4-7      CR) 

;«:} 

^98.1      (R) 

»6., 

*6.5(RaY) 

An  inspection  of  the  table  shows  a  most  excellent  correspond- 
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ence  between  my  determinations  of  vapor-tensions  and  those  of 
others,  when  the  liquid  is  but  slightly  volatile,  as  in  the  case  of 
the  halogen  substitution  products  of  benzene.  But  when,  at  the 
temperature  taken  for  a  determination,  the  elastic  force  of  the 
vapor  exceeds  one  hundred  mm.  of  mercury,  the  correspondence 
becomes  less  close ;  and  it  is  at  once  seen  from  the  data  that  the 
greater  the  volatility  of  a  liquid,  the  greater  the  discrepancy. 
Let  us  take  carbon  tetrachloride  and  ethyl  iodide  for  examples, 
since  determinations  of  their  vapor-tensions  were  carried  out  at 
two  different  temperatures.  For  carbon  tetrachloride  the  differ- 
ence between  Regnault's  results  and  mine  is  three  and  two-tenths 
mm.  of  mercury  at  34.8®  and  eight-tenths  mm.  of  mercury  at  27.8**; 
for  ethyl  iodide,  the  difference  at  34.8*'  is  seven  and  one-tenths 
mm.  of  mercury,  and  at  27. 8"*  one  and  *  five-tenths  mm.  of 
mercury.     Other  examples  point  to  the  same  result. 

The  cause  of  this  want  of  concordance  between  my  results  and 
those  made  by  other  methods  has  been  hinted  at  in  the  last  par- 
agraph of  the  discussion  of  the  errors  to  which  this  method  is 
subject.  The  assumption,  made  in  the  calculations,  that  the  va- 
porous mixture  may  be  treated  as  a  mixture  of  ideal  gases,  can- 
not be  maintained  when  the  volume  of  the  vaporized  liquid  forms 
more  than  a  small  fraction  of  the  total  volume  of  the  gaseous  mixture 
that  leaves  the  absorption  vessel.  The  vapor  of  ethyl  iodide  that 
was  carried  off  by  the  air,  occupied  more  than  a  fourth  of  the  to- 
tal volume,  and  the  other  volatile  liquids  also  occupied  relatively 
large  volumes  ;  the  volumes  of  the  vapors  of  the  less  volatile 
liquids,  however,  were  but  a  small  part  of  the  volume  of  the  air 
passed  through  the  liquid.  And,  as  has  been  shown,  the  less 
volatile  liquids  give  results  perfectly  concordant  with  those  ob-  . 
tained  by  others.  Duplicate  determinations  of  the  vapor-tensions 
of  some  of  the  liquids,  a^  toluene,  nitrobenzene,  etc.,  give  almpst 
identical  results. 

It  would  not  be  difficult  to  apply  a  correction  taking  into  ac- 
count the  greater  volatility  of  some  of  the  liquids.  This  I  have 
not,  as  yet,  done,  as  in  certain  details  I  wish  to  alter  the  appa- 
ratus so  as  to  obtain  even  more  accurate  results ;  thus  the  use  of 
mercury  as  the  liquid  for  expelling  the  air  from  the  measuring 
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vessel  would  render  the  system  of  drying  tubes  unnecessary ;  also 
ground  glass  joints  are  undoubtedly  preferable  to  rubber  con- 
nections. Although  it  is  my  intention  to  study  and  modify  the 
apparatus  further,  I  do  not  want  to  seem  to  **  reserve"  this  sub- 
ject of  investigation ;  on  the  contrary  I  would  be  most  glad  to 
see  the  apparatus  tried  and  tested  by  others. 

Although  the  results  obtained  by  the  employment  of  this 
method  do  not  have  in  the  case  of  the  more  volatile  liquids  the 
same  degree  of  accuracy  attainable  by  other  methods,  still  they 
are  suited  to  the  requirements  of  an  investigation  of  the  vapor- 
tensions  of  mixtures  of  liquids,  since  both  liquids,  if  their  vapor- 
tensions  be  not  too  different,  are  affected  alike  by  any  weaknesses 
in  the  method,  and  the  phenomenon  observed  permits  of  the 
drawing  of  theoretic  conclusions.  Yet  I  have  been  careful  in  the 
discussion  of  results  to  limit  myself  as  much  as  possibte  to  such 
as  were  of  the  same  accuracy  as  results  obtained  by  others ;  thus, 
my  method  can  be  counted  upon  to  give  results  accurate  to  less 
than  one  mm.  of  mercury  when  the  vapor-tensioti  does  not  exceed 
100  mm.  of  mercury,  and  to  less  than  two  mm.  of  mercury  when 
the  vapor-tension  is  less  than  150  mm.  of  mercury;  as  can  at 
once  be  seen  by  a  comparison  of  the  data  due  to  Young  {loc. 
cit.)  and  Regnault  (loc,  cit.)  in  the  greater  number  of  cases  a 
closer  correspondence  than  to  within  two  mm.  cannot  be  found. 
However,  the  conclusions  which  I  draw  from  my  experiments 
would  still  hold  if  the  error  in  the  determination  were  several 
times  greater  than  that  admitted  above,  inasmuch  as  it  affects 
each  liquid  in  the  same  way,  so  that,  while  it  may  affect  the  ab- 
solute accuracy,  its  relative  effect  is  but  slight. 

• 

7.    CHOICE  AND  PURIFICATION  OF  I.IQUIDS. 

As  Stated  previously,  the  liquids  employed  in  the  course  of  this 
investigation  were  those  recognized  to  be  strictly  normal ;  and  of 
those  only  such  were  chosen  as  can  be  gotten  in  a  state  of  great 
purity.  The  only  associated  liquid  taken  was  acetic  acid,  whose 
degree  of  association  as  well  as  whose  physical  properties  are  to 
a  certain  extent  known. 

An  associated  liquid  was  investigated  for  the  purpose  of  apply- 


OF  MIXTURES  OF  VOI.ATII*E  LIQUIDS.  647 

ing  the  regularities  and  "normalities"  discovered  in  mixture  of 
normal  liquids  to  mixtures  of  a  normal  liquid  with  an  associated 
liquid.  Great  pains  were  taken  to  purify  the  liquids  in  the  high- 
est possible  degree,  it  being  the  testimony  of  all  those  who  have 
occupied  themselves  with  experimental  work  on  the  vapor-ten- 
sions of  liquids  that  even  very  slight  impurities  have  a  remarka- 
bly disturbing  effect  upon  the  accuracy  of  results ;  this  is  es- 
pecially the  case  in  results  obtained  by  the  static  method ;  in  the 
method  employed  by  me,  the  influence  of  a  slight  amount  of  im- 
purity is  not  so  marked;  still,  for  all  that,  it  has  been  thought 
best  to  employ  such  material  as  had  been  most  thoroughly  pu- 
rified. 

In  order  that  the  readers  of  this  paper  may  judge  for  them- 
selves the  degree  of  purity  of  the  liquids  examined,  a  somewhat 
detailed  account*of  the  method  of  purification  of  each  liquid  is 
given  together  with  a  statement  of  certain  characteristic  phy- 
sical properties  of  each.  All  of  the  liquids,  it  may  be  stated  be- 
forehand were  bought  as  chemically  pure  from  the  dealers  (Pou- 
lenc  Frferes,  Paris,  and  Billault,  Paris) ,  and  at  least  one  pound — 
generally  two  or  three  pounds — subjected  to  the  purifying  ope- 
rations. 

Benzene, — Nearly  three  pounds,  of  benzene — labelled  chemic- 
ally pure  and  free  from  thiophene — were  treated  a  half  dozen 
times  with  sulphuric  acid  to  remove  last  traces  of  the  sulphur 
compound.  The  liquid  was  then  repeatedly  fractionally  crystal- 
lized until  about  a  pound  was  obtained  melting  at  5.3**.  This 
purified  product  when  partially  solidified  showed,  no  matter  what 
the  proportion  of  liquid  and  solid  was,  the  same  melting  point. 
The  whole  was  then  distilled  over  a  few  pieces  of  sodium, 
no  variation  from  the  boiling  point  80.1"  under  a  pressure 
of  756  mm.  of  mercury  being  observed.  Its  specific  gravity 
at  25°  referred  to  water  at  the  same  temperature  was  found  to  be 
0.876611. 

Toluene, — Of  the  quantity  of  toluene  taken  for  purification 
(about  two  pounds)  more  than  four-fifths  distilled  at  109.8®  to 
1 10.  I**,  an  indication  that  the  commercial  article  was  nearly  pure. 
After  a  couple  of  distillations  over  a  little  sodium,  more  than  a 
pound  was  obtained  boiling  constantly  at   no.!"*  under  a  pres- 
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sure  of  758  mm.  of  mercury.  Its  density  at  25"  referred  to  water 
at  25.0°  was  ascertained  to  be  0.86288. 

Monochlorhenzene . — A  couple  of  pounds  of  monochlorbenzene 
were  repeatedly  distilled  in  fractions  until  a  cpnstant  boiling  pro- 
duct resulted.  About  three-quarters  of  a  pound  were  obtained, 
boiling  at  131. 8**  to  131. 9"*  under  a  pressure  of  757  mm.  of  mer- 
cury, and  having  a  density  at  25.0®  (referred  to  water  at  same 
temperature)  of  1. 10362. 

Monobrombenzene, — Nearly  a  pound  of  brombenzene  was  frac- 
tionally distilled  until  a  distillate  was  obtained  boiling  be- 
tween narrow  limits.  About  150  grams  of  the  product,  boil- 
ing at  154.3°  to  154.5°  under  a  pressure  of  761  mm.  of  mercury- 
were  obtained.  The  density  at  25®  referred  to  water  at  25.0** 
was  1.49852. 

Nitrobenzene, — The  commercial  article  was  repeatedly  crystal- 
lized until  an  almost  colorless  liquid  was  obtained,  which  when 
solidified,  showed  the  same  temperature  during  the  remelting. 
It  possessed  a  melting  point  of  3.6"*,  and  its  density  was  i. 20201, 


©)• 


25 

Chloroform, — About  two  pounds  of  **  chloroform  anesth6t- 
ique"  of  commerce  were  washed  a  dozen  times  with  water, 
dried  thoroughly  by  means  of  fused  calcium  chloride,  and  dis- 
tilled. The  larger  distillate  boiled  at  60.8°  to  61.0®  under  a 
pressure  of  751  mm.  of  mercury,  and  finally  nearly  a  pound 
was  obtained  boiling  at  60.9"*  under  a  pressure  of  755  mm.  of 
mercury. 

Carbon  Tetrachloride, — Two  pounds  were  washed  with  water, 
and  thoroughly  dried  by  means  of  concentrated  sulphuric  acid. 
The  product  was  then  rectified,  and  nearly  a  pound  boiling 
throughout  the  operation  at  76.6*'  under  a  pressure  of  756  mm. 
of  mercury  taken  for  the  preparation  of  the  mixtures.  The  spe- 
cific gravity  of  this  product  at  25,0°  referred  to  water  at  the  same 
temperature  was  1.58828. 

Acetic  Add, — Two  pounds  of  glacial  acetic  acid  were  repeat- 
edly fractionally  crystallized  until  a  portion  melting  at  16.7"*  was 
obtained.     The  bottle  containing  it  as  well  as  the  mixtures  made 
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from  it  were  kept  under  an  air-tight  bell- jar  by  the  side  of  very 
strong  sulphuric  acid. 

8.   PREPARATION  OF 'THE    MIXTURES. 

The  mixtures  were  prepared  by  weighing  out  to  a  milligram 
on  a  balance  turning  with  a  tenth  milligram  the  liquids  in  a 
flask  ;  the  corked  flask  was  tared,  the  less  volatile  liquid  poured 
in  and  weighed,  and  then  the  more  volatile.  As  from  forty  to 
one  hundred  grams  of  the  mixture  were  weighed  out,  the 
composition  of  the  liquid  was  thus  known  to  a  ten-thousandth 
at  least.  The  mixtures  were  preserved  in  bottles  or  flasks 
fitted  with  the  finest  corks,  and  kept  in  a  dry,  cool,  dark 
closet.  As,  almost  invariably,  the  necessary  vapor-tensions  of 
a  liquid  were  made  immediately  after  its  preparation,  no 
change  of  concentration  occurred  even  with  the  most  volatile 
liquids  employed. 

In  the  case  of  some  of  the  mixtures  of  benzene  and  carbon 
tetrachloride,  the  residues  of  the  investigated  mixtures  were 
united,  and  the  amount  of  chlorine  in  the  resulting  mixture 
determined  according  to  Carius'  method.  ^ 

The  mixtures  of  benzene  or  toluene  with  acetic  acid  had  their 
concentration  controlled  by  an  analysis.  Five  to  ten  cc.  of  the 
mixture  were  carefully  weighed  out  in  a  glass-stoppered  flask, 
water  was  added,  which  took  practically  all  the  acetic  acid 
from  the  benzene,  and  then  standardized  baryta  water  run  in 
to  point  of  neutralization.  In  no  case  did  the  analysis  give 
results  sensibly  different  from  those  calculated  from  the  direct 
weighings. 

9.   EXPERIMENTAI«  RESULTS  WITH  MIXTURES  OF  NORMAI« 

WQUIDS. 

In  the  following  tables  (III  to  X)  are  given  those  data 
of  the  experiments  necessary  for  the  calculation  of  the  vapor- 
tensions.  The  superscriptions  over  each  column  of  data  ren- 
der any  preliminary  mention  here  unnecessary.  In  some 
cases,  the  data  have  been  represented  graphically.  (Figs.  II. 
to  IV.) 


i  .  ... 
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EXPI^ANATION  OF  FIGURES. 

Fig.  2. — Vapor-tensions,  total  and  partial,  of  mixtures  of  benzene  and 
carbon  tetrachloride. 

Abscissas  =  molecules  of  CCI4  in  100  molecules  of  mixture. 
Ordinates  =  vapor-tensions  in  mm.  of  mercury. 
Fig.  3. — Vapor-tensions,  total  and  partial,  of  mixtures  of  benzene  and 
carbon  tetrachloride. 

Abscissas  =  molecules  of  CHCI9  in  100  molecules  of  mixture. 
Ordinates  =  vapor-tensions  in  mm.  of  mercury. 
Fig.  4. — ^Vapor-tensions  of  mixtures  of  nitrobenzene  and  carbon  tetra- 
chloride. 

Abscissas=  molecules  of  CCI4  in  100  molecules  of  mixture. 
Ordinates  =  vapor-tensions  in  mm.  of  mercury. 

« 

Table  III. 
Vapor- Tensions  of  Mixtures  of  Benzene  and  Monochlorbenzene  at  ^4,8^ . 
Vapor-Tension  of  Benzene  at  34.8F  is  145*4  mm.  of  Mercury. 
Vapor-Tension  of  Chlorbenzene  at  $4.8^  is  20.3  mm,  of  Mercury. 


Molecules 
C,H»C1  in 
100  mole- 
cules of 
liquid 
mixture. 

Molecules 
C„H»C1  in 
100  mole- 
cules of 
gaseous 
mixture. 

Grams 

C«H»C1  in 

vapor. 

Grams 

C«H«  in 

vapor. 

Ten- 
sion of 
C.H5CI 
m  mm. 

Ten- 
sion of 

C.H. 
in  mm. 

Vol- 
ume of 

air 
in  mm. 

Barom 
eter 

in 
mm. 

-   Inter- 
nal 
pressure 
in  mm. 

15.18 

1-33 

0.0454 

2.3075 

1.7 

124.6 

3782 

763 

II 

29.08 

6.11 

0.0857 

0.9143 

6.6 

IOI.3 

1900 

757 

17 

65.06 

19-37 

0.1800 

0.5202 

12.3 

51.3 

2032 

758 

18 

79.21 

35.15 

0.3572 

0.4750 

19.1 

27.9 

3787 

756 

12 

Table  IV. 
Vapor-  Tensions  of  Mixtures  of  Toluene  and  Monochlorbenzene  at  34.8P. 
Vapor-Tension  of  Toluene  at  J4.8P  is  46.8  mm.  of  Mercury. 
Vapor-Tension  of  Chlorbenzene  at 34.8^^  is  20.3  mm.  of  Mercury. 

Molecules     Molecules 
CnHsCl  in       C.H»C1  in 

100  mole-        100  mole-  Ten- 

cules  of         cules  of      Grams  Grams        sion  of 

liquid  gaseous    CmHjCI  in  CHg  in      CcH»Cl 

mixture.       vapor.  vapor.       in  mm. 


mixture. 
18.96 
41.82 
76.71 


Ten- 
sion of 

in  mm. 


Vol-     Barom-   Inter- 
ume  of      eter        nal 
air  in    pressure 

in  cc.      mm.    in  mm. 


9.84 
22.66 

67.79 


0.0510 
0.0985 

0.2089 


0.3821 

0.2754 

0.0821 


4.3 

8.1 
17.5 


38.2 

27.6 

8.2 


1963 
1973 
1965 


757 
760 

757 


17 
21 

18 


Vapor- 
Vapof- 
Vapor- 

Molecules 
C.HftBr  in 
100  mole- 
cules of 
liquid 
mixture. 

30.33 


Table  V. 
Tensions  of  Mixtures  ofBenzefie  and  Monobrombenzcne  at  34.8^ 
Tension  of  Benzene  as 34^^  is  145.4  mm.  of  Mercury. 

Tension  of  Brombenzene  at  34.8^  is  S.o  mm.  of  Mercury. 
Molecules 


C«H,Br  in 

100  mole-  Ten-        Ten-  Vol- 

cules  of      Grams  Grams  sion  of  sion  of  ume  of 

gaseous    CsHsBrin  CsH«in  C«H5Br      C«H«  air 

mixture.      vapor.  vapor.  in  mm.  in  mm.  in  cc. 

24.30        0.0395  0.4975       2.6  103. 1  1018 


Barom-   Inter- 
eter         nal 
in     pressure 
mm.     in  mm. 

757        13 
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Table  VI. 

Vapor-Tensions  of  Mixtures  of  Benzene  and  Chloroform  at  34.8^ 
Vapor-Tension  of  Benzene  at  34.8^  is  143-4  fnm.  of  Mercury. 
Vapor-Tension  of  Chloroform  at  34,8^  is  28g.2  mm.  of  Mercury, 
Molecules 


Molecules 
CHCl,  in 
100  mole- 
cules of 
liquid 
mixture. 

16.97 

50.53 
59.47 


CHC1,  in 
100  mole- 
cules of 
gaseous 
mixture. 

24.30 
63.74 
73.25 


Grams 

CHCls  in 

vapor. 

0.3243 
I.1513 
1.4770 


Grams 

C.H.  in 

vapor. 

0.6607 

0.4187 

0.3531 


Ten- 
sion of 
CHCl, 
in  mm. 

39.6 

130.7 
Z62.2 


Ten. 
sioii  of 
.C.H. 
m  mm. 

123.5 
74.3 
59.2 


Vol- 
ume of 

air 
incc. 

1032 
1030 
1030 


Barom-   Inter- 
eter        nal 
in     pressure 
mm.     in  mm. 


755 
756 

749 


25 
25 
25 


[TO  BE  CONTINUED.] 
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THE  ELECTROLYTIC  DETERHINATION  OF  RUTHENIUH. 

By  Edgar  P.  Smith  and  Harry  B.  Harris. 

Received  April  aa.  189$. 

FROM  time  to  time  efforts  have  been  made  in  this  laboratory^ 
to  gather  information  upon  the  deportment  of  the  metals  of 
the  platinum  group  toward  the  electric  current.  Palladium, 
platinum,  and  rhodium  have  been  determined  quantitatively, 
and  also  separated  electrolytically  from  other  metals  of  the  group, 
e.g.y  palladium  from  iridium.  The  purpose  of  this  communi- 
cation is  to  present  data  relating  to  the  electroh'sis  of  ruthenium 
salt  solutions.  The  literature  of  electrolvsis  does  not  contain  anv 
information  upon  this  point. 

The  salt  upon  which  the  experiments  were  made  was  the  double 
chloride  of  potassium  and  ruthenium.  It  was  prepared  by  fusing 
the  finely  divided  metal  with  potassium  nitrate  and  hydroxide. 
This  fusion  was  made  in  a  silver  crucible.  The  aqueous  extract 
was  acidified  with  hydrochloric  acid,  and  the  solution  was  then 
evaporated  to  crystallization.  Much  potassium  chloride  sepa- 
rated at  first,  but  finally  the  double  salt  appeared  in  minute  red- 
colored  needles. 

The  platinum  dish  in  which  the  electrolytic  decomposition  was 
carried  out  was  coated  upon  its  inner  surface  with  a  layer  of 
copper.  In  the  first  trials  the  solution  of  the  double  salt  was 
mixed  with  three  grains  of  sodium  acetate,  and  acted  upon  by  a 
current  of  N.  D., 00=  0.01-0.05  ampere.  The  quantity  of  the 
ruthenium  salt  not  being  very  abundant  it  was  necessary'  to  con- 
duct the  determinations  with  rather  small  amounts  of  material. 
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Thus,  fifty  cc.  of  the  double  chloride  solution  contained  0.0593 
gram  of  ruthenium  metal.     The  results  of  four  trials  were : 

I 0.0119  gram  of  ruthenium  in  five  cc.  of  solution, 

equal  to  0.0595  gram  in  fifty  cc. 

2 0.0589  gram  in  fifty  cc.  of  solution. 

3 0.0593      *' 


(f  n  it  it 


4 0.0590 

The  metal  deposit  in  each  instance  was  dull  black  in  color.     A  * 
tendency  to  sponginess  was  also  observed. 

As  other  metals  of  the  platinum  group  had  been  precipitated 
successfully  from  a  phosphate  solution  (Am,  Chem,/.,  13,  206) 
ruthenium  was  tried  under  similar  conditions. 

In  the  experiments  that  follow,  fifty  cc.  of  the  salt  solution 
contained  0.0407  gram  of  metal.  Fifteen  cc.  of  disodium  phos- 
phate (1.0358  sp.  gr.)  and  onecc.  of  phosphoric  acid  were  added 
to  this  solution.  The  current  was  of  the  same  strength  as  that 
used  in  the  first  series  of  experiments.     The  metallic  deposits 

weighed : 

I 0.0402  gram. 

2 0.0407      ** 

3 0.0413      ** 

The  ruthenium  in  each  instance  was  bright  and  steel-like  in 
appearance.  It  was  also  very  adherent.  There  was  not  the 
slightest  indication  of  sponginess.  In  the  two  series  just  given 
the  deposit  of  metal  was  washed  first  with  warm  water,  and  sub- 
sequently with  absolute  alcohol.  The  period  of  precipitation 
continued  through  the  night,  although  six  hours  were  found  to 
suffice  for  the  complete  deposition  of  the  ruthenium. 

In  a  third  series  of  two  trials,  fifty  cc.  of  the  salt  solution  con- 
tained o.oioo  gram  of  ruthenium.  The  phosphate,  phosphoric 
acid,  and  the  current  were  the  same  as  in  the  series  immediately 
preceding.     Results : 

I 0.0101  gram  ruthenium. 


2 0.0100    **  *' 


The  deposits,  as  before,  were  bright  and  apparently  crystalline. 

Mention  has  already  been  made  that  palladium  and  platinum 
could  be  separated  electrolytically  from  iridium  (Am.  CAem, 
/.,  I69  435)  when  present  together  with  the  latter  in  a  phosphate 
solution.  This  was,  however,  not  found  possible  with  rhodium, 
although  this  metal  was  successfully  deposited  from  a  similar 
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solution.  As  ruthenium,  from  the  results  just  given,  allies  itself 
with  palladium,  platinum,  and  rhodium,  so  far  as  its  deposition 
from  a  phosphate  solution  was  concerned,  it  seemed  of  interest 
to  ascertain  whether  a  separation  of  it  from  iridium  could  be 
effected. 

Separation  of  Ruthenium  from  Iridium, — Here  again  a  solu- 
tion of  ruthenium  was  used  in  fift}'  cc.  of  which  there  waso.oico 
gram  of  ruthenium.  To  this  were  added  ten  cc.  of  an  iridium 
solution  (equal  to  one-tenth  gram*  of  iridium),  ten  cc.  of  diso- 
dium  phosphate,  1.0358  sp.  gr.,  and  three  cc.  of  phosphoric  acid. 
The  current  was  N.  D., 00=  001  ampere.  It  acted  through  the 
night.  The  deposit  of  ruthenium  in  each  of  the  three  experi- 
ments was  bright,  metallic,  and  perfectly  adherent.  It  was 
washed  and  dried  as  in  the  determinations  described  in  the  pre- 
ceding lines.     Results : 

1 0.0104  gram  of  ruthenium. 

2 0.0096 

3 o.oioo 

Additional  experiments  on  the  separation  of  the  two  metals 
were  made  with  similar  results. 

It  would  be  of  interest  and  value  to  study  the  conduct  of 
ruthenium  in  alkaline  solutions.  Wohler'  observed  that  the 
metal  could  be  quickly  brought  into  solution  when  the  current 
acted  upon  it  in  the  presence  of  an  alkali.  It  is  altogether  prob- 
able that,  under  such  conditions,  its  separation  from  the  other 
metals  of  the  group  could  be  quite  readily  brought  about,  but 
lack  of  material  will,  at  least  for  the  present,  prevent  any  such 
investigation. 

University  of  Pennsylvania. 


[Contribution  from  the  John  Harrison  Laboratory  of 
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THE  ACTION   OF   PHOSPHORUS   PENTACHLORIDE   UPON 
THE  DIOXIDES  OF  ZIRCONIUfl  AND  THORIUH. 

By  Edgar  F.  Smith  and  Harry  B.  Harris. 

Received  May  31, 1895. 

SOME  years  ago  Weber  {fahr,  i8^g,   77)  studied  the  action 
of  phosphorus  pentachloride  upon  inorganic  oxides,  such 
as  those  of  silicon,  titanium,  and  tin,  and  demonstrated  that  the 

^Ann.  Chem.  {Liebig),  146,  375. 
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products  of  the  reaction  were  the  corresponding  metallic  chlo- 
rides, together  with  phosphorus  oxychloride.  Tiittschew  {/ahr, 
iSdjy  205),  working  upon  titanium  dioxide  with  a  modified 
method,  obtained  a  double  chloride  corresponding  to  the  formula 
TiCl,.PCl.. 

It  seemed  to  us  of  some  interest  to  extend  the  study  to  the 
oxides  of  zirconium  and  thorium,  thus  completing  the  reaction 
with  the  more  metallic  bodies  of  Group  IV  of  the  periodic  sys- 
tem. The  procedure  adopted  by  us  consisted  in  introducing 
ignited  and  pure  zirconium  dioxide  with  its  equivalent  of  phos- 
phorus  pentachloride  into  hard  glass  tubes,  which  were  sealed 
alter  the  air  had  been  exhausted  from  them.  The  reaction 
appeared  not  to  occur  at  150"*  C,  but  after  heating  to  190°  C,  for 
a  period  of  eight  hours,  a  complete  change  was  observed.  A 
crystalline  mass  was  noticeable  and  drops  of  phosphorus  oxy- 
chloride were  scattered  through  the  tubes.  These  were  opened 
at  both  ends  and  quickly  connected  with  a  chlorine  generator, 
and  distillation  carried  out  by  careful  heating  in  an  air-bath. 
Phosphorus  oxychloride  and  some  pentachloride  were  expelled. 
At  190**  C,  crystals  made  their  appearance  in  the  cooler  part  of 
the  tube,  projecting  beyond  the  air-bath.  These  were  transpar- 
ent and  almost  half  an  inch  in  length.  That  portion  of  the 
tube  in  which  they  had  .  collected  was  severed,  tightly  closed, 
and  weighed.  It  was  then  introduced  into  water.  A  hissing 
sound  was  quite  distinct.  Zirconium  hydrate  soon  separated. 
After  standing  a  while  this  wasdissolved  in  dilute  nitric  acid, 
and  reprecipitated  with  ammonia.  Later  it  was  found  that  to 
let  the  weighed  chloride  slowly  absorb  moisture  from  the  air  and 
then  bring  it  into  water  insured  better  results.  The  percentage 
of  zirconium  found  equaled  37.52  per  cent.,  while  the  chlorine 
was  61.62  per  cent.  The  theoretical  requirements  for  the  tetra- 
chloride are  38.79  per  cent,  of  zirconium  and  61.21  per  cent,  of 
chlorine.  Our  zirconium  result  is  low,  yet  the  figures  from 
three  or  four  analyses  concord  so  closely  that  there  can  be  no 
question  as  to  the  correct  nature  of  our  product.  A  compound  of 
zirconium  chloride  with  either  phosphorus  pentachloride  or  oxy- 
chloride would  require  decidedly  less  zirconium  and  more  chlo- 
rine.    Hence,  we  can  safely  conclude  that  with  our  conditions 
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of  experiment  phosphorus  pentachloride  changed  zirconium  diox- 
ide to  the  corresponding  chloride.  Thorium  dioxide  was  sub- 
jected to  a  similar  treatment.  The  temperature,  however,  at 
which  the  reaction  seemed  to  proceed  almost  to  completion  was 
about  240°  C.  Exactly  the  same  course  was  pursued  in  subse- 
quently eliminating  the  excessive  phosphorus  compounds.  The 
product  analyzed  showed  the  presence  of  a  little  phosphorus,  not 
enough  to  establish  the  existence  of  a  double  chloride,  therefore 
its  quantity  was  deducted  from  the  quantity  of  material  used  in 
the  analysis.  The  thorium  found  equaled  62.23  P^r  cent,  and 
the  chlorine  38.37  per  cent.,  while  the  theoretical  requirements 
for  thorium  tetrachloride  ai?e  62.23  P^r  cent,  thorium  and  37.77 
per  cent,  chlorine. 

Our  experiments  supplement  the  investigations  of  Weber  and 
justify  the  general  inference  that  the  dioxides  of  all  the  metallic 
members  of  Group  IV  are  changed  to  tetrachlorides  when  heated 
under  pre3sure  with  phosphorus  pentachloride. 

University  of  Pennsylvania. 


NEW  BOOKS. 

A  Text-Book  of  Chemistry  Intended  for  the  Use  of  Pharmaceuti- 
cal AND  Medical  Students.  By  Samuel  P.  Sadtler  and  Henry 
Trimble.    Octavo,  pp  950*    Philadelphia:  J.  B.  Lippincott  &  Co.,  1895. 

The  title  on  the  cover  is  **  Pharmaceutical  and  Medical  Chem- 
istry,*' from  which  it  is  to  be  regretted  that  the  authors  did  not 
omit  the  word  *' Medical,'*  as  its  use  compels  a  remonstrance 
against  the  view  which  they  apparently  entertain,  that  the  needs 
of  the  medical  student  in  the  department  of  chemistry  do  not 
extend  beyond  the  study  of  the  properties  of  drugs  and  the 
methods  of  chemical  manufacture.  Physiological,  hygienic  and 
toxicological  chemistry  are  almost  utterly  ignored.  A  mere 
outline  of  the  chemistrj'^  of  urea  is  compressed  into  less  than  a 
page,  while  more  than  two  pages  are  devoted  to  alizarin.  Serum 
albumen  is  dismissed  in  four  lines,  without  a  word  about  the 
testing  of  urine  for  albumen.  The  discussion  of  the  degrees  of 
purity  of  natural  waters  is  barely  hinted  at  in  a  few  lines,  with- 
out any  reference  to  the  methods  of  examination  of  water,  even 
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in  the  part  devoted  to  analytical  chemistry.  The  space  allowed 
to  the  toxicological  chemistry  of  arsenic  is  only  three-quarters  of 
a  page,  while  the  metallurgy  of  iron  occupies  four  and  three- 
quarter  pages.  To  designate  such  a  work  as  a  **  Medical  Chem- 
istry'* is,  to  put  it  mildly,  a  misnomer. 

Viewed,  however,  as  a  text-book  for  the  use  of  the  student  of 
technical  chemistry  or  the  manufacturing  pharmacist,  the  work 
is,  in  most  respects,  well  arranged  and,  in  the  main,  up  to  the 
times,  although  in  some  points  somewhat  too  conservative. 
Such  terms  as  acid  potassium  sulphate,  copper  sulphate,  calcium 
phosphate,  sodium  sulphate,  acid  calcium  phosphate,  either 
have  the  ring  of  antiquity  or  lack  precision.  The  orthography 
endorsed  by  the  A  A.  A.  Sc.  has  not  been  adopted.. 

The  work  is  divided  into  five  parts.  Part  I  contains,  in  90 
pp.,  a  brief  outline  of  elementary  physics,  which  is  rather 
popular  and  general  than  chemical  or  medical.  The  laws  of 
Dulong  and  Petit  and  of  Raoult  are  not  mentioned,  absorption 
spectra  are  merely  referred  to,  and  the  description  of  the  errors 
of  refraction  of  the  eye  is  not  only  fragmentary  but  misleading. 

Parts  II  and  III  (182  and  243  pp.)  treat  of  mineral  chemistry. 
The  elements  are  classified  into  *  *  non-metals '  *  and  *  *  metals, '  *  a 
division  which  widely  separates  nitrogen  and  phosphorus  from 
their  close  relations  to  arsenic  and  antimony.  Methane,  ethane, 
acetylene,  and  the  oxides  and  sulphides  of  carbon  are  treated  of 
as  universal  substances  in  Part  II.  Descriptions  of  the  methods 
of  preparation  of  the  elements  and  their  compounds,  and  sta- 
tistics of  industrial  production  are  detailed  and  illustrated  by 
numerous  familiar  cuts  of  furnaces  and  other  forms  of  manufac- 
turing plants.  Pharmaceutical  references  are  in  accordance  with 
the  last  revision  of  the  U.  S.  Ph. 

Part  IV  (280  pp.).  devoted  to  organic  chemistry,  is  admirably 
written.  The  arrangement  is  logical  and  scientific,  and  the 
matter  is  abreast  of  the  advances  in  this  most  important  division 
of  chemistr}^  and  as  full  as  is  desirable  or  possible  in  a  work  of 
this  size.  But  in  this  division,  also,  it  is  to  be  regretted  that 
the  space  occupied  by  pictures  and  details  of  manufacturing 
apparatus  and  processes  was  not  devoted  to  medical  chemistry. 

Part  V  (94  pp.)  contains  the  analytical  portion.     The  reac- 
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tions  of  bases  and  acids  are  given  with  conveniently  arrangfed 
tabular  schemes  of  qualitative  analysis.  There  are  also  a  few 
examples  of  quantitative  methods,  and  descriptions  of  the  more 
important  processes  of  drug  assay.  The  work  concludes  with 
an  appendix  containing  useful  tables.  R.  A.  Witthaus. 

John  Dai^ton  and  the  Rise  of  Modern  Chemistry.  By  Sir  Henry 
E.  RoscoE.  New  York  and  I^ondon.  Macmillan  &  Co.,  66  Fifth 
Avenue,  New  York  City.  Price,  |i.  25.  pp.216;  12  mo.  Portrait  and 
facsimile.    The  Century  Science  Series. 

This  is  an  unusually  satisfactory  book ;  it  is  a  pleasure  to  read 
the  biography  of  one  eminent  man  written  by  another  distin- 
guished in  the  same  branch  of  knowledge,  who  appreciates  and 
sympathizes  with  his  subject  and  his  subject's  labors. 

Materials  for  a  history  of  John  Dalton  and  his  contributions  to 
chemistry  were  not  lacking.  W.  C.  Henry's  **  Memoirs" 
(1854),  R.  A.  Smith's  *' Memoir  and  History  of  the  Atomic 
Theory"  (1856),  Charles  Clay's  ** Reminiscences "  (1884),  and 
Lonsdale's  **  Worthies  of  Cumberland  "  (1874),  sivpply  the  nee- 
essary  details  of  the  uneventful,  quiet  life  of  the  Manchester 
schoolmaster,  and  accounts  of  his  momentous  researches  in  chem- 
ical philosophy.  Besides  these  sources  of  information,  Sir 
Henry  could  refer  to  his  own  lecture  delivered  in  the  Town  Hall, 
Manchester,  in  1874.  In  this  volumfe  we  find  a  summary  of 
Dalton 's  parentage,  school  days,  and  teachers,  his  experience  as 
a  school  teacher  when  only  twelve  years  of  age,  his  first  attempts 
at  scientific  investigation  (meteorological),  his  connection  with 
the  Manchester  College,  and  his  pains-taking  researches  on  the 
relative  weights  of  ultimate  particles.  The  text  is  pleasantly 
anecdotal,  clearly  describing  Dalton's  personality.  The  volume 
is  illustrated  with  a  portrait  of  Dalton,  facsimiles  of  letter  and 
leaflet  containing  the  atomic  symbols.  One  remark  of  Sir  Henry's 
greatly  surprises  us ;  speaking  of  decimal  fractions  he  says  they 
are  *  *  a  snare  and  a  stumbling-block  even  to  some  great  men  of 
the  present  day."  Can  it  be  that  calculations  in  £^  s,  and  d. 
are  so  deeply  impressed  on  the  British  mind  that  they  prevent 
comprehension  of  decimals  familiar  to  every  American  school- 
boy ?  The  book  contains  an  excellent  index. 

H.  Carrington  Boi^ton. 
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THE  death  of  Dr.  Moore  happened  on  Saturday,  April  13^ 
1895.  On  the  following  day  the  death  of  Prof.  James  D. 
Dana  was  announced.  The  occurrence  so  closely  together  of 
these  sad  events  was  a  striking  one,  for  it  was  under  the  guid- 
ance of  Prof.  Dana  that  Dr.  Moore  entered  upon  a  field  of  study 
which  he  cultivated  with  so  much  ardor  that  his  reputation  for 
deep  scientific  work  was  increased ;  and  we  may  well  believe 
that,  had  not  the  accidents  of  fate  and  fortune  turned  Dr.  Moore's 
steps  from  academic  halls  he,  also,  would  have  left  the  impress 
of  his  good  and  strong  personality  upon  the  mind  and  life  of 
many  a  youthful  student  of  science. 

Gideon  Emmet  Moore,  son  of  George  H.  and  E.  L.  Moore, 
was  bom  in  New  York  City,  August  21,  1842.  His  maternal 
grandfather,  after  whom  he  was  named,  was  Dr.  Gideon  Hum- 
phrey, one  of  the  leading  physicians  of  Philadelphia  in  the  be- 
ginning of  this  century,  who  distinguished  himself  as  a  surgeon 
in  the  war  of  181 2,  and  took  part  with  remarkable  adventures  in 
the  filibustering  expeditions  of  the  period.  His  father,  whose 
family  belonged  in  Maine,  early  went  to  California,  in  fact  was 
one  of  the  first  settlers  of  San  Francisco,  as  he  was  there  eleven 
years  before  the  Argonauts  of  '49.  He  embarked  in  the  busi- 
ness of  shipping  and  warehousing,  and  his  firm  was  the  foremost 
one  of  the  time. 

Young  Gideon  Moore's  early  days  were  spent,  some  in  New 
York  and  some  in  Burlington,  N.  J.,  and,  before  entering  Yale 
College,  at  Dr.  Bartlett's  Academy  in  Poughkeepsie.  In  his 
boyhood  he  was  passionately  fond  of  music  and  an  accomplished 
performer  on  the  violin.  His  class  at  Yale  was  *6i.  Prof.  S. 
W.  Johnson  has  kindly  sent  me  the  following  tribute  to  his 
pupil  : 

**  Our  friend,  Gideon  E.  Moore,  entered  the  Yale  Scientific 
School  in  the  Autumn  of  1859,  graduated  as  Bachelor  of  Philoso- 
phy in  the  Summer  of  1 86 1,  and  remained  as  a  postgraduate 
student  until  the  Spring  of  1862. 
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**  During  the  first  year  of  his  attendance  I  knew  him  slightly, 
but  from  September  i860  until  he  finished  his  studies  I  had  im- 
mediate charge  of  the  Laboratory  of  Analytical  Chemistry  and 
was  constantly  familiar  with  his  progress  in  chemical  study.  I 
was  from  the  outset  attracted  by  the  gentle  and  courteous  man- 
ners of  the  somewhat  delicate  appearing  youth  whose  invariable 
cheerfulness,  promptitude,  and  steady  attention  to  work,  no  less 
than  the  ease  with  which  he  performed  and  exceeded  the 
tasks  assigned  him,  made  the  duty  of  his  teacher  a  pleasure 
and  a  privilege. 

**  Having  gone  through  an  extended  course  of  inorganic  analy- 
sis with  unusual  rapidity  and  success  he  was  well  prepared  to 
take  up  organic  chemistry,  and  the  proposal  was  made  to  him 
(I  think  in  Sept.  1861)  to  undertake  an  investigation  of  Bay- 
berry  Wax. 

*  *  This  research  was  foreseen  to  require  a  long  time  and  to  involve 
much  tedious  labor,  but  he  entered  upon  it  without  hesitation, 
pursued  it  steadily  for  four  months,  and  evidently  enjoyed  it 
heartily  to  the  end. 

**  The  results  are  embodied  in  his  paper — *  On  the  Chemical 
Constitution  of  the  Wax  of  the  Myrica  Cerif era  * — ^which  appeared 
in  the  American  Journal  of  Science,  May,  1862.  This  short 
paper,  of  seven  pages,  presents  a  concise  history  of  the  chemical 
work  previously  done  on  the  bayberry  wax  and  established  its 
nature  as  a  mixture  of  about  one-fifth  part  of  tripalmitin  and 
four-fifths  nearly  of  palmitic  acid  with  a  little  laurin  or  lauric 
acid.  It  illustrates  the  thoroughness  which  characterized  his 
work  and  which  made  him  so  immediately  successful  when,  soon 
after  completing  his  studies  at  New  Haven  he  engaged  in  the 
practice  of  analytical  chemistry  at  San  Francisco,  and  later 
when  he  became  assayer  to  the  Gould  and  Currie  mine  at  Vir- 
ginia City. 

"  As  I  write  these  lines  there  stands  near  by  a  series  of  twenty 
little  bottles  containing  specimens  of  the  fruit,  foliage  and  wax 
of  the  bayberry  and  the  preparations  obtained  during  the  research 
in  question  illustrating  the  method  followed  and  showing  the 
results  arrived  at.  This  instructive  collection  has  done  duty 
regularly  for  thirty-two  years  in  my  lectures  and  recalls  vividly 
to  my  remembrance  the  busy  days  when  our  friend  was  dili- 
gently disciplining  to  extraordinary  skill  the  hand  that  but  a 
few  hours  ago  suddenly  forgot  its  cunning.'* 

Yours  very  truly, 

S.  W.  Johnson. 

Dr.  Moore's  life  in  the  West  was  hard  enough  to  daunt  the 
most  courageous  but  he  viewed  it  as  a  necessary  step  in  his 


DR.    GIDEON  "E.    MOORE.  66l 

progress.  The  rough  life  of  the  mining  camp  and  the  hardships 
of  that  primitive  era  had  no  terrors  for  him.  The  very  task 
itself  of  keeping  a  foothold  in  such  a  community  only  spurred 
him  to  accomplish  what  he  had  set  out  to  perform,  just  as  in  his 
college  and  professional  career  to  suggest  that  a  matter  was  dif- 
ficult, was  sufficient  to  fire  his  ambition  to  attack  it  and  his  con- 
fidence that  he  would  overcome  it. 

After  four  years  spent  in  this  field,  enjoying  in  the  highest 
degree  the  confidence  of  the  owners  of  the  millions  which  passed 
through  his  hands,  he  lesigned  to  embrace  with  enthusiasm  the 
opportunity  to  secure  what  he  had  so  long  coveted — a  thorough 
course  at  the  German  universities. 

In  1867  he  sailed  for  Europe  and  studied  one  year  at  Wies- 
baden under  Fresenius.  He  next  went  to  Heidelberg  and 
under  Bunsen,  Kirchoff,  Helmholtz,  Blum,  Vonderden,  and 
Kopp  he  passed  some  of  the  happiest  days  of  his  life  and  was 
graduated  summa  cum  laude.  At  Leipzig  he  studied  under 
Kolbe  one  semester,  and  at  Berlin  in  the  laboratory  of  Wichel- 
haus. 

In  September,  1 871,  he  married  in  Buda  Pest,  Marie  Louise  Von 
Hildebrandt,  the  daughter  of  Field  Marshal  Von  Hildebrandt, 
of  the  Austrian  army,  and  in  the  following  month  returned  to 
America. 

In  1872  he  became  chemist  to  the  Passaic  Zinc  Co.,  and  con- 
tinued in  that  capacity  to  the  close  of  his  life.  The  remainder 
of  his  time  was  devoted  to  study  and  private  practice,  a  field  in 
which  he  rose  to  eminence  and  left  a  record  marked  with  many 
triumphs. 

Depth,  care,  thoroughness,  and  method  characterized  his  work. 
His  intellectual  endowment  was  generous,  his  mental  faculties 
keen,  his  memory  good,  his  power  of  concentration  wonderful. 
He  possessed  a  logical  and  well-balanced  mind  not  easily  led  to 
hasty  conclusions.  The  virtue  of  strict,  unwavering  conscien- 
tiousness and  fidelity  to  truth  was  a  shining  one  in  Dr.  Moore, 
and  his  professional  honor  was  not  a  mantle  to  be  put  on  and  off 
or  to  be  distinguished  from  his  personal  honor.  All  his  early 
training  as  well  as  the  promptings  of  his  heart  fortified  him  in 
the  practice  of  making  diligent  search  for  the  truth,  and  having 
found  it,  of  fighting  bravely  for  his  convictions. 
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He  at  one  time  wrote  much  and  all  of  it  was  valuable ;  in  the 
early  days  making  many  contributions  to  mineral  chemistry; 
Brushite,  Cryptocallite  and  Hetaerolite  being  additions  made 
by  him  to  the  list  of  new  species.  Of  late  years  his  most  labor- 
ious work,  that  on  the  **Chfemistry  of  American  Tobaccos," 
was  written  for  the  Tenth  Census.  He  was  editor  of  Vol.  II 
of  this  Journal,  and  in  Vol.  I  appeared  his  report  on  the  Pro- 
gress of  Analytical  Chemistry  for  1879 — a  model  for  all  of  its 
kind.  He  had  taken  out  many  patents  in  metallurgical  and 
fuel-gas  processes. 

Subjoined  is  a  list  of  his  published  papers : 

1862.  On  the  Chemical  Constitution  of  the  Wax  of  the  Myrica  Cerifera. 
American  Journal  of  Science,  [2],  33,  313. 

1865.  On  Brushite,  a  new  mineral  species.   American  Journal  of  Science, 

[2],  39.  43- 

1866.  Analysis  of  the  Water  of  Borax  I^ake,  Cal.  American  Journal  of 
Science,  [2],  41,  255. 

1870.  On  the  occurrence  of  Amorphous  Mercuric  Sulphide  (Metacin- 
nabarite)  in  Nature.  J.  prakt.  Chem.,  [2],  2,  319.  American  Journal  of 
Science  [3]  3»  36- 

187 1.  On  the  Electrolysis  of  the  Substituted  Derivatives  of  Acetic  Acid. 
Ber.  d.  chem.  Ges.,  4. 

1875.  On  Chalcophanite,  a  new  mineral  species.  American  Chemist, 
July,  1875. 

1877.  On  Hetaerolite,  a  new  mineral  species.  American  Journal  of 
Science,  [3]  14,  423- 

1878.  Report  on  the  Strong  System  of  Water-gas  Manufacture.  Engi- 
neering and  Mining  Journal,  January,  1878. 

1879.  Report  on  the  Progress  of  Analytical  Chemistry,  from  April  to 
September.    J.  Am.  Chem.  Soc,  i. 

1883.  Report  on  the  Chemistry  of  American  Tobaccos.  Special  Report 
of  the  United  States  Census,  On  the  Culture  and  Curing  of  Tobacco. 
Chap.  22. 

1885.  Report  on  the  Granger  Water  Gas.  A.  O.  Granger  &  Co.,  Phil- 
adelphia. 

1885.  Kallait,  pseudomorph  of  Apatite  from  California.  In  collabora- 
tion with  V.  von  Zepharovich.    Ztschr.  fiir  Krystallographie,  Leipzig. 

Dr.  Moore's  manners  were  gentle  and  courteous  in  the  extreme. 
He  used  to  tell  with  much  appreciation  how,  when  he  was  work- 
ing in  Bunsen's  laboratory,  he  would  always  have  t9  keep  his 
eyes  averted  from  Bunsen,  who  would  immediately  spring  to  his 
side  were  he  to  show  the  slightest  sign  of  effort  over  the  task  or 
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the  need  of  anything.  And  listening  to  him  telling  this  you  could 
not  help  thinking  how  marked  was  the  same  kindliness  in  him- 
self. How  grateful  is  association  with  such  men.  What  a  priv- 
ilege to  have  daily  converse  with  one  whose  soiil  delights  in  those 
little  amenities  which  the  throng  overlook.  What  a  pleasure  in 
the  cheery  face.  What  a  lesson  we  learn  from  the  lips  that  may 
be  quivering  with  pain,  but  open  only  to  express  solicitude  for 
our  welfare  and  to  smile  that  they  may  hide  their  own  story. 

An  acquisition  that  was  of  great  value  to  our  friend  was  his  re- 
tentive memory.  Everything  that  he  had  once  mastered,  whether 
in  science  or  in  other  branches  of  knowledge,  could  be  recalled 
to  mind  at  will  and  with  an  accuracy  and  fidelity  to  detail  that 
made  us  marvel.  I  remember  on  one  occasion  when  in  a  leisure 
hour  we  were  discussing  the  poets,  and  Coleridge  became  the 
subject  of  our  remarks,  he  recited  without  hesitation  the  lines  in 
Kubla  Khan : 

'*  But  oh  that  deep  romantic  chasm  which  slanted 
Down  the  green  hill  atwart  a  cedarn  cover ! 
A  savage  place !  as  holy  and  enchanted 
As  e*er  beneath  a  waning  moon  was  haunted 
By  woman  wailing  for  her  demon  lover !" 

I  said  **You  have  been  reading  Coleridge  lately?'*  **No,*' 
said  he,  **I  don't  suppose  that  I  have  read  these  lines  in  over 
twenty  years,  but  I  remembered  them  for  I  always  admired  their 
sonorousness  and  picturesque  effect.'* 

He  was  a  poet  himself  of  no  mean  order.  His  nature  was  es- 
sentially grave,  retired  and  full  of  self -repression,  yet  it  had  that 
expanding  joyousness  which  goes  in  search  of  the  delights  that 
we  may  draw  from  elevated  themes  and  roseate  imagery.  He 
had  translated  much  from  Goethe,  and  more  recently  Hamerling, 
in  lines  which  show  alike  his  skill  as  a  linguist  and  his  art  as  a 
poet. 

His  end  came  suddenh",  for  he  was  stricken  without  warning, 
and  he  laid  down  his  work  to  go  and  face  the  terrors  of  pneu- 
monia. He  did  face  them,  and  unflinchingly,  and  he  calmly 
awaited  the  end,  that  he  saw  must  come,  with  the  fortitude  of  the 
Christian  faith  that  he  was  glad  to  acknowledge. 

Chas.  F.  McKenna. 
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I  spent  last  Saturday  with  Prof.  T.  E.  Thorpe  in  his  steam  launch  on 
the  Thames  at  Kingston  with  a  party  of  friends.  He  asked  me  then 
about  Dr.  Moore's  death  and  spoke  of  him  very  warmly.  They  were  stu- 
dents together  in  Germany  and  the  friendship  then  formed  was  cemented 
by  meetings  during  Thorpe's  visit  to  America  afterwards.  He  detailed 
at  length,  incidents  of  Dr.  Moore's  student  and  family  life  illustrating  his 
lovable  character. 

Proof  of  Mr.  McKenna's  notice  came  to  me  in  London,  and  I  have 
ventured  to  add  this  note  to  show  that  his  and  Professor  Johnson's  words 
find  an  echo  abroad.  Edward  Hart. 

London,  June  22,  1895. 
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BY  the  sudden  death  of  lyOthar  von  Meyer,  which  occurred 
at  Tubingen,  on  April  nth,  chemical  science  has  lost  one 
of  its  foremost  exponents. 

It  was  vacation  time  in  Tiibingen,  and  Professor  Meyer  had 
returned  from  a  walk  and  wals  engaged  in  his  favorite  outdoor 
pastime  of  trimming  vines  in  his  garden  when  he  suddenly  be- 
gan to  feel  unwell  and  hastened  to  his  study.  He  called  for 
help  and  his  wife  and  son  went  to  his  aid.  Reaching  a  sofa  with 
their  support  he  remarked,  **  I  have  received  a  stroke,'*  and  then 
was  able  to  say  no  more.  This  was  at  about  5  in  the  afternoon, 
and  at  1 1  he  died,  without  further  struggle,  his  face  retaining 
the  calm  and  noble  expression  not  to  be  forgotten  by  his  many 
friends. 

Julius  Lothar  Meyer  was  bom  August  19th,  1830,  at  Varel  in 
the  Grand  Duchy  of  Oldenburg,  the  son  of  a  well-known  phj^si- 
cian.  Dr.  August  Meyer.  He  completed  his  gymnasium  course 
in  Oldenburg  and  began  the  study  of  medicine  in  Ziirich  in  the 
Spring  of  1851.  There  he  spent  four  semesters,  followed  by 
two  semesters  at  Wiirzburg,  where  he  receiv.ed  the  degree  of 
Doctor  of  Medicine,  in  the  Spring  of  1854,  for  a  thesis  on  the 
question  of  the  condition  of  gaseous  combinations  in  the  blood- 
In  the  investigation  of  this  problem  Meyer's  attention  was 
attracted  to  the  recent  work  of  Bunsen  on  gas  measurements, 
and  accordingly  we  find  him  next  in  Heidelberg,  where  he  re- 
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mained  five  semesters,  at  a  time  and  in  a  company  since  famous 
in  the  history  of  chemistry.  He  took  up  again  the  question  of 
the  gases  held  by  the  blood,  and  in  a  long  investigation,  pub- 
lished in  1857,  he  showed  for  the  first  time  the  real  nature  of  the 
oxygen  absorption.  Magnus  had  shown  at  an  earlier  date  that 
the  oxygen  absorbed  by  blood  did  not  follow  the  Dalton-Henry 
law,  but  he  attempted  no  explanation  for  this  fact.  It  remained 
fqr  Meyer  to  determine  the  quantity  of  oxygen,  carbon  dioxide, 
and  nitrogen  absorbed  under  different  conditions,  and  to  show 
that  the  absorption  of  the  first  must  depend  on  chemical  combi- 
nation.    This  investigation  attracted  immediate  attention. 

Meyer's  tastes  now  led  him  away  from  medicine  and  in  the 
direction  of  pure  chemistry,  and  especially  toward  physical 
chemistry.  Leaving  Bunsen,  he  went  to  the  old  university  of 
Konigsberg,  attracted  by  the  courses  of  lectures  given  by  Franz 
Neumann  on  the  subject  of  mathematical  physics.  He  remained 
with  Neumann  three  semesters.  In  the  Spring  of  1858  Meyer 
went  to  Breslau,  where  he  was  given  the  degree  of  Doctor  of 
Philosophy  for  a  dissertation  on  the  absorption  of  carbon  mon- 
oxide by  the  blood.  In  this  dissertation  it  was  shown,  for  the 
first  time,  that  CO  displaces  O,  volume  for  volume.  The  author 
soon  afterwards  became  a  Privatdocent  for  physics  and  chemistry, 
and,  in  1859,  was  given  the  position  of  Director  of  the  Chemical 
Laboratory  of  the  Physiological  Institute.  Here  he  remained 
until  1866.  In  this  interval  he  published  a  number  of  valuable 
papers,  and  the  first  edition  of  his  famous  work,  **  Die  modernen 
Theorien  der  Chemie.** 

In  1866  he  was  called  to  the  Forestry  Academy  of  Eberswalde, 
in  1868  to  the  Polytechnicum  of  Karlsruhe,  and  in  1876  to  the 
University  of  Ttibingen,  where  he  had  just  completed  his  nine- 
teenth year  of  labor  at  the  time  of  his  death. 

Lothar  Meyer  was  the  author  of  numerous  valuable  scientific 
papers,  most  of  which  appeared  in  Liebig's  Annalen  and  in  the 
Berichte,  They  handle  mainly  questions  from  the  field  of  phys- 
ical chemistry.  In  some  of  his  earlier  papers  Meyer  began  the 
study  of  the  relations  existing  between  the  atomic  weights  and 
physical  and  chemical  properties  of  the  elements.  Their  rela- 
tions were  soon  formulated  in  his  Periodic  System  of  the  Elements. 
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That  Mendelejeff  arrived  independently  at  almost  the  same  con- 
clusions does  not,  in  any  measure,  detract  from  the  originality 
or  value  of  Meyer's  work.  It  is  this  work  which  has  made  his 
name  best  known  among  scientific  men,  but  without  it  his  purely 
experimental  investigations  would  be  sufl&cient  to  give  him  a 
high  position  among  the  great  chemists  of  the  time. 

In  recognition  of  his  services  to  science,  Meyer  received  the 
Davy  medal  of  the  Royal  Society  in  1882,  was  made  a  Foreign 
Honorary  Member  of  the  lyondon  Chemical  Society,  in  1883, 
Corresponding  Member  of  the  Prussian  Academy  of  Sciences,  in 
1888,  and  in  1891  a  Corresponding  Member  of  the  Russian  Acad- 
emy. In  1892  he  was  given  a  title  of  nobility  by  decree  of  the 
Wiirtemberg  crown. 

He  was  the  author  of  the  following  works :  * '  Die  modemen 
Theorien  der  Chemie,"  first  edition  1864,  fifth  edition  1884,  a 
sixth  edition  the  author  had  in  preparation ;  *  *  Die  Atomgewichte 
der  Elemeute  ''(with  Karl  Seubert),  1883;  **Grundziige  der 
theoretischen  Chemie,"  first  edition  1890,  second  edition  1893. 
The  first  and  last  of  these  books  are  well  known  in  English 
translations. 

It  is  not  necessary,  in  this  place,  to  speak  of  the  high  scien- 
tific value  of  Meyer's  work,  as  that  is  a  subject  on  which  the 
literature  itself  speaks  most  plainly.  He  possessed  great  man- 
ual dexterity,  and  in  glass-blowing  and  the  construction  of 
apparatus  he  had  unusual  skill.  His  style,  as  a  lecturer,  was 
simple  and  exceedingly  clear,  and  in  his  everyday  intercourse 
with  students  he  displayed  a  kindliness  of  disposition  and  patience 
in  explanation  not  often  found  with  men  whose  time  is  as  closely 
occupied  as  was  his.  Few  investigators  are  willing  to  give  from 
their  private  work  the  time  which  he  freely  gave  to  interested 
students. 

Among  his  colleagues  Meyer  was  cordially  respected  and  be- 
loved. Last  summer  he  was  appointed  Rector  of  the  University 
for  the  present  year,  and  by  other  distinctions,  as  well,  his  popu- 
larity was  shown.  All  who  knew  him  mourn  his  loss  as  a  man  ; 
chemists  alone  are  able  to  recognize  the  loss  to  science. 

J.  H.  Long. 
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THE  coffin  plate  disclosed  on  opening  the  outer  box  of  rough 
wood,  bore  the  inscription,  **  Gustave  H.  M.  J.  Baum, 
died  March  30th,  1892.  Aged  26  years,  3  months,  and 4 days.'' 
It  was  untarnished  and  affixed  to  a  black  cloth-covered  casket. 
The  condition,  not  only  of  the  outer  and  that  of  the  inner  case, 
but  also  that  of  the  lining  of  the'  latter  and  of  the  clothes  about 
the  body  excluded  the  possibility  of  there  having  been  any  infil- 
tration of  liquid  from  the  grave  and  rendered  the  examination  of 
any  soil  from  the  cemetery  superfluous. 

The  emaciated  body  of  a  medium  sized  man  was  identified  by 
the  physician  who  had  attended  him  in  life  and  verified  his 
death  and  by  the  undertaker  and  his  assistant  who  had  prepared 
the  body  for  burial. 

Though  three  months  had  elapsed  since  the  interment,  it  was 
possible  on  July  6th,  1892,  to  recognize  the  features,  also  an 
abrasion  on  the  right  shin.  There  was  some  mould  about  the 
f&ce  and  body,  the  latter  being  disclosed  when  the  clothing  was 
removed.  The  features  of  the  corpse  bore  a  marked  resemblance 
to  a  photograph  of  a  man  named  Ludwig  Brandt. 

Both  Baum  and  Brandt  had  been  quondam  acquaintances  of  a 
Dr.  Henry  Meyer.     Insurance  had  been  secured  on  the  life  of 

1  Read  at  the  May  Meeting  of  the  New  York  Section. 
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Baum  in  four  companies,  amounting  in  all  to  $8,500.  Brandt 
had  personated  Baum  in  making  application  for  these  policies, 
had  come  to  New  York  in  company  with  Dr.  Meyer,  a  woman 
posing  sometimes  as  Mrs.  Meyer,  at  other  times  as  Mrs.  Baum, 
and  one  Mueller. 

After  the  death  of  Brandt  the  woman  applied  to  the  different 
insurance  companies  for  the  sums  due,  representing  herself  as 
his  widow.  Several  of  the  companies  paid  in  full,  a  total  of 
$4,000.    , 

Accompanied  by  Dr.  Meyershevisited  the  offices  of  the  Mutual 
Life  Insurance  Co.,  of  New  York.  The  interview  aroused  sus- 
picions which  were  subsequently  increased  by  the  sudden  dis- 
appearance from  New  York  of  the  parties,  their  effects  having 
been  sold  and  no  word  being  left  of  their  destination. 

At  the  instigation  of  Mr.  Daniel  Gillette,  of  the  Mutual  Life 
Insurance  Company,  detectives  were  sent  in  search  of  the  parties 
with  the  view  of  unearthing  any  crime  that  might  have  been 
committed.  Mr.  H.  G.  Julian,  acting  in  this  capacity,  had  been 
able  to  secure  a  description  of  the  supposed  Baum,  and  found 
the  body  to  agree  not  with  him  but  with  a  photograph  and 
description  of  Brandt. 

Dr.  L.  W.  Schultze,  one  of  the  coroners  of  the  city,  deemed 
this  initial  evidence  of  sufficient  weight  to  order  an  autopsy  and 
conducted  it  with  his  medical  assistants.  Dr.  S.  P.  Minden, 
who  identified  the  body,  had  attended  the  man  for  three  weeks 
before  his  death,  and  gave  a  death  certificate  ascribing  the  de- 
mise to  chronic  dysentery.  He  had  not  noticed  any  unusual 
circumstances  during  this  attendance.  Had  not  Dr.  Meyer  borne 
an  unenviable  reputation,  it  is  probable  that  no  further  notice 
would  have  been  taken  of  the  case ;  but  because  of  his  career 
extra  caution  was  taken  at  the  autopsy  to  determine,  if  possible, 
if  the  pathological  condition  agreed  with  the  diagnosis  of  the 
physician. 

The  surface  of  the  body  was  carefully  scrutinized.  There 
were  no  marks  of  hypodermic  injections,  however,  nor  any  evi- 
dence of  embalming  by  arterial  or  other  injections.  The  under- 
taker declared  that  no  attempt  was  made  to  embalm  the  body 
and  that  no  embalming  fluid  was  used  upon  it  or  injected  into 
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it.  Three  channels  for  the  introduction  of  poison  ;  viz,,  imbibi- 
tion from  the  soil,  the  use  of  embalming  liquids,  and  the  use  of 
h)rpodermics  were  thus  eliminated.  Coroner's  physician.  Dr. 
O'Hare,  and  Prof.  D.  Hunter  McAlpin,  who  at  a  subsequent 
time  examined  the  viscera  with  Dr.  0*Hare,  could  find  no  gross 
or  microscropic  pathological  evidence  of  importance,  so  that  full 
light  as  to  the  cause  of  death  was  not  obtainable  from  the 
autopsy.  At  the  autopsy  Dr.  S.  P.  Minden  related  the  symp- 
toms he  noticed  during  his  attendance  on  the  patient.  They 
did  not  develop  any  theory  of  death  other  than  dysentery,  but 
left  the  case  still  obscure.  Later  he  kindly  furnished  copies  of 
the  prescriptions  he  had  written.  At  the  trial,  testimony  was 
given  to  show  that  some  of  these  prescriptions  had  been  filled 
but  there  was  no  evidence  that  the  medicines  had  been  adminis- 
tered. However,  since  remedies  such  as  morphine,  opium,  cop- 
per arsenite,  and  bismuth  subnitrate  had  been  prescribed,  it  be- 
came necessary  to  consider  them  in  any  scheme  Of  chemical 
analysis.  The  advisability  of  a  chemical  analysis  was  discussed 
and  decided  on  as  necessary  to  fully  determine  the  cause  of 
death.  There  was  every  probability  that  great  skill  had  been 
used  in  the  administration  of  any  toxic  agent  or  that  some  un- 
usual poison  had  been  employed. 

Though  due  care  was  exercised  at  the  autopsy  to  detect  the 
odor  of  any  volatile  poison  none  was  perceptible  and  there  were 
no  circumstances  that  in  any  way  directed  attention  to  that  class 
of  poisons.  The  analysis  proper,  therefore,  was  begun  with  the 
treatment  of  portions  of  the  viscera  for  the  alkaloids.  For  this 
purpose  the  stomach  and  its  contents,  one  half  of  the  intestine 
and  its  contents,  and  one-half  of  the  liver,  and  some  fluid  which 
had  exuded  from  it  into  the  abdominal  cavity  at  the  time  of  the 
autopsy,  were  treated. 

Freshly  rectified  alcohol  was  placed  on  each  separate  part,  500, 
600,  and  800  cc.  being  used  respectively.  The  organs  were  com- 
minuted and  the  alcohol  acidulated  with  tartaric  acid.  The  jars 
remained  in  an  ice  chest  until  a  thorough  maceration  was  effected. 
The  alcohol  and  washings  with  alcohol  was  filtered  from  the  tis- 
sue and  the  undissolved  substances,  which  latter  were  utilized 
for  the  detection  of  inorganic  poisons,  as  were  also  such  other 
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residues  from  the  extraction  as  could  be  utilized  for  this  purpose. 

The  necessity  for  doing  this  is  not  generally  recognized.  Some 
of  the  salts  of  the  metallic  poisons  are  quite  soluble  in  the  men- 
strua employed  in  extracting  the  alkaloids  and  pass  into  solution 
with  the  latter.  Previous  cases  had  shown  this,  one  which 
the  writer  examined  as  associate*  expert,  involving  the  detection 
of  morphine  in  an  embalmed  body,  very  markedly.* 

In  this  latter  instance,  it  was  of  paramount  importance  that 
the  arsenic  extracted  in  large  quantities  from  the  viscera  should 
be  separated  from  the  trace  of  morphine  that  might  coexist,  and 
a  prolonged  series  of  extractions  was  resorted  to  to  eliminate  the 
possibility  of  mistaking  the  reactions  of  the  one  for  the  other. 
This  procedure  was  also  necessary  to  anticipate  what  was  subse- 
quently brought  forward  by  the  defence,  viz,,  a  point  raised  by 
Otto.* 

The  production  of  arsines  and  other  metallo-organic  com- 
pounds must  also  not  be  lost  sight  of,  for  both  in  testing  for  or- 
ganic and  inorganic  poisons,  these  exceptionally  interesting  com- 
pounds have  been  and  are  likely  to  be  important  objects  of  toxi- 
cological  research.  The  fact  that  evidence  of  metallic  poisons  is 
obtainable  from  the  extractions  practised  to  separate  the  alka- 
loids must  always  be  borne  in  mind,  no  matter  whether  the  Stas, 
Erdmann-Uslaror  Dragendorff  method  is  employed,  or  some  mod- 
ification of  them,  as  also  when  dialysis  is  resorted  to. 

Such  a  course  is  especially  necessary  in  cases  where,  in  order 
to  recover  the  very  minute  quantity  of  alkaloid  that  may  still  re- 
main in  a  stomach  or  intestine,  the  whole  of  either  organ  and  its 
contents  is  submitted  to  processes  for  its  recovery.  Failure  to 
detect  an  alkaloid  may  with  these  precautions  in  some  cases  be 
followed  by  the  finding  of  an  inorganic  poison. 

It  is  doubtful  whether  the  method  prescribed  in  many  foreign 
countries,  and  followed  in  the  laboratory  of  toxicology  in  Paris,' 
of  comminuting  each  organ  and  then  mixing  together  weighed 
portions  of  each  and  of  submitting  the  composite  mass  to  analysis 
is  altogether  a  wise  or  safe  proceeding.  Our  own  experience  is 
much  against  it. 

1  People  vs.  Robt.  W.  Buchanan,  1600. 

a  otto  :  Ausmittelung  der  Gifte,  1884,  117. 

B  Documents  du  T«aboratoire  de  Toxicologie,  Paris,  1S91,  33. 
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The  chances  of  detecting  any  alkaloid  are  greatly  reduced  and 
the  same  can  be  said  of  metallic  poisons.  The  unequal  distribu- 
tion of  poison3  through  the  viscera,  and  the  retfention  of  poisons 
in  certain  organs  in  preference  to  others,  are  two  of  many  rea- 
sons why  a  mixture  of  a  fourth  of  several,  say,  stomach,  intes- 
tine, liver,  brain,  and  kidneys,  is  inadvisable.  Nor  can  there  be 
any  hard  and  fast  rule  laid  down  to  apply  to  all  cases  in  the 
search  of  poisons.  The  judgment  of  the  expert  must  determine 
in  some  measure  the  method  to  be  pursued,  and  he  will  naturally 
have  in  mind  the  facts  which  have  been  ascertained  heretofore, 
and  which  have  led  to  the  establishment  of  rules  of  procedure.* 
No  matter  what  course  is  followed,  it  will  sometimes  happen  that 
important  data  in  regard  to  the  distribution  or  absorption  of  the 
poison  detected  are  unobtainable  which  could  have  been  se- 
cured had  the  nature  of  the  poison  been  manifested  in  the  symp- 
toms or  indicated  by  the  history  of  the  case.  Where,  therefore, 
prominent  symptoms  are  developed,  or  the  autopsy  reveals  the 
character  of  the  poison,  even  if  only  to  so  slight  an  extent  as  to 
indicate  whether  organic  or  inorganic,  narcotic  or  corrosive,  it 
may  best  subserve  the  ends  of  justice  to  examine  the  contents  of 
the  stomach  apart  from  the  tissue,  the  gall-bladder  and  its  con- 
tents separately  from  the  liver.  The  fluids  of  the  intestinal  tract 
and  the  compacted  faeces  near  the  rectum  separately  from  each 
other  and  the  tissue.  Much  will  depend  in  adopting  a  course  as 
elaborate  as  this  upon  the  time  that  has  elapsed  since  death.  A 
long  interment  would  obliterate  to  a  great  degree  the  clearness  of 
the  picture  of  the  distribution  of  the  poison  in  the  body,  which 
we  might  expect  to  have  developed. 

While  recent  analytical  results  have  tended  to  show  that  poi- 
sons rapidly  diffuse  in  the  body,  either  when  injected  post-mor- 
tem or  imbibed  by  application  to  the  skin,  or  though  taken  in 
life  have  afterwards  permeated  the  tissues  and  reached  other  or- 
gans, we  take  issue  with  the  claim  advanced  by  the  defense  in 
this  trial,  that  toxicology  is  utterly  unable  to-day  to  decide 
whether  a  poison  extracted  from  the  body  has  or  has  not  been 
administered  before  death. 

Though  weighable  quantities  of  copper  were  obtained  from  the 

1  Drageudorff  Ermittelung  von  Giften,  4, 1884. 
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liver  and  brain  in  the  case  now  before  us,  only  traces  were  found 
in  other  organs  and  in  some  none  at  all.  Such  facts  are  inex- 
plicable on  the  basis  of  post-mortem  diffusion.  It  is  therefore  of 
great  moment  to  determine  more  closely  not  only  the  localization 
of  a  poison  but  how  intimately  it  is  combined  with  the  tissue. 
A  simple  permeation  may  have  taken  place,  or  a  definite  union 
or  fixation,  and  such  union  would  often  be  indicative  of  vital  pro- 
cesses. The  employment  of  suitable  solvents  will  thus  lead  us  to 
a  diagnosis  between  such  true  chemical  compounds  and  mere 
loose  impregnations.  Tissues  are  found  by  the  dyer  to  absorb 
only  certain  dyes  though  they  may  be  transiently  stained  with 
others.  When  in  contact  with  poisons,  certain  living  tissues 
**dye  in  the  wool.** 

The  alcoholic  extracts  of  stomach,  intestines,  and  liver,  were 
evaporated  each  by  itself  and  each  residue  thus  obtained  treated 
with  strong  alcohol  and  filtered.  The  new  alcoholic  extracts 
now  of  small  volume  were  again  evaporated  and  their  aqueous 
solutions  while  still  acid  treated  successively  with  petroleum 
ether,  benzene,  and  amyl  alcohol.  All  of  these  liquids  had  been 
especially  rectified.  After  the  last  amyl  alcohol  extraction  was 
effected  several  fresh  shakings  with  petroleum  ether  were  re- 
sorted to  to  remove  amyl  alcohol  from  the  watery  liquid.  The 
aqueous  solution  was  then  made  alkaline  by  ammonium  hydrox- 
ide, and  the  extractions  with  petroleum  ether  and  benzene  con- 
ducted as  before.  The  solution  was  then  acidified,  hot  amyl 
alcohol  added  andemulsified,  then  enough  ammonium  hydroxide 
added  to  render  the  solution  alkaline.  This  procedure  was  re- 
peated often  enough  to  make  sure  of  the  extraction  of  any  mor- 
phin.  Six  residues  were  thus  obtained  from  each  of  the  three 
viscera.  It  was  a  noticeable  feature  of  this  case  compared  to  two 
other  investigations  made  just  previously  that  the  residues  were 
of  less  quantity  than  in  either  of  the  other  cases,  and  that  many 
were  indeed  so  insignificant  as  to  be  incapable  of  purification. 
Residues  I,  II  and  IV  were  very  slight  or  inappreciable. 

Of  course,  residues  VI,  from  the  alkaline  liquid  extracted  by 
amyl  alcohol  were  submitted  to  the  closest  scrutiny.  Not  only 
had  morphin  been  prescribed,  but  it  was  desirable  to  ascertain 
if  the  ptomaines  present  might  either  give  or  mask  the  morphin 
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reactions.  After  suitable  purification  they  were  tested.  The 
morphin  reactions  were  not  obtainable,  some  of  the  ptomain  re- 
actions were  pronounced.  Minute  quantities  of  morphin  solu- 
tion added  to  portions  of  the  residues  could  be  detected  by  ap- 
propriate tests.  The  physiological  test  of  morphin  applied  to  a 
frog  was  not  obtained.  Neither  morphin  nor  other  poisonous 
alkaloid  could  be  identified  in  any  of  the  residues. 

The  inorganic  poisons  claimed  attention  next.  Small  quanti- 
ties of  copper  arsenite  had  been  prescribed  ;  bismuth  also  as 
subnitrate.     These  metals  might  therefore  be  present. 

The  comminuted  tissues,  subsequently  residues  from  parts 
treated  for  organic  poisons,  were  disintegrated  ty  hydrochloric 
add  and  potassium  chlorate.  Fresenius  and  von  Babo's  method 
was  applied  to  the  stomach  first  and  the  results  obtained  showed 
the  necessity  of  using  the  same  process  with  the  other  organs. 
A  copious  precipitate  formed  the  moment  hydrogen  sulphide 
was  conducted  into  the  faintly  acid  liquid  which  had  been  pre- 
viously deprived  of  chlorine  by  bubbling  carbon  dioxide  through 
it.  The  color  of  the  precipitates  thus  obtained  varied  with  the 
different  organs,  but  was  evidently  metallic  and  not  of  organic 
nature.  The  precaution  was  taken  in  the  analysis  of  each  sepa- 
rate organ  to  subject  the  liquid  after  saturating  it  with  hydro- 
gen sulphide  to  warmth  and  long  standing  to  effect  a  complete 
precipitation  of  the  metals. 

The  precipitates  were  collected,  redissolved  in  small  quanti- 
ties of  hydrochloric  acid  and  potassium  chlorate  and  reprecipi- 
tated  with  previous  precautions. 

The  purified  sulphides  were  washed  free  of  chlorides  by  dilute 
hydrogen  sulphide  water  and  a  separation  of  the  different  metals 
attempted. 

It  will  shorten  the  story  considerably  to  state  that  mercury, 
lead,  bismuth,  and  tin  were  not  detectable  in  any  organ.  That 
zinc  was  tested  for  carefully  in  the  filtrate  from  the  hydrogen 
sulphide  and  not  found. 

That  antimony  and  arsenic  and  in  some  organs  these  and 
copper  were  separated  and  identified. 

Ammonium  sulphide  was  found  to  dissolve  the  washed  pre- 
cipitate entirely  or  to  leave  only  a  small  amount  of  copper  sul- 
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phide.  This  solution  was  evaporated  and  oxidized  by  nitric 
acid.  Then  fused  with  sodium  carbonate  and  sodium  nitrate. 
When  copper  was  present  a  dark  mass  separated.  In  other 
cases  a  white  powder  was  suspended  in  a  clear  liquid  and  all  be- 
came a  white  solid  on  cooling. 

At  this  juncture  one  of  the  greatest  obstacles  was  met. 

Otto*  would  have  us  believe  that  the  separation  of  antimony 
from  arsenic  by  Meyer's  method  is  as  facile-  and  as  complete  as 
the  destruction  of  organic  matter.  He  enters  into  a  discussion 
concerning  the  methods  of  nianipulation  and  gives  a  device  for 
still  further  preventing  dissolved  antimony  from  producing  a 
mirror  in  the  M*arsh  test  by  conducting  the  gases  evolved  over 
caustic  alkali,  a  very  objectionable  process  as  we  shall  see  later, 
and  comes  to  the  conclusion  that  the  method  is  reliable. 

Notwithstanding  all  this,  the  history  of  this  analysis  shows 
first,  that  when  very  small  quantities  of  antimony  are  present 
they  would  escape  notice  when  the  fused  mass  is  dissolved  in 
water  and  possesses  an  alkaline  reaction  as  required  ;  secondly, 
that  where  much  antimony  is  present  it  is  advisable  to  resubject 
the  insoluble  residue  to  a  second  fusion  to  remove  possible  traces 
of  arsenic. 

The  finding  of  antimony  and  arsenic  in  the  first  organ  analyzed, 
naturally  put  us  on  our  guard  in  the  testing  of  others. 

Where  much  antimony  was  found,  ther^  was  of  course  an  in- 
soluble white  residue,  but  the  brain  and  muscle  contained  So 
little  that  only  the  most  painstaking  work  enabled  us  to  detect 
the  antimony  and  separate  it  from  the  arsenic.  Since  some  anti- 
mony remains  in  the  Marsh  apparatus,  the  whole  not  passing 
out  as  hydrogen  antimonide  undiscovered  pyroantimoniate  may 
go  into  solution  when  the  fused  mass  is  dissolved  in  water  and 
either  produce  a  mirror  with  arsenic  or  remain  in  the  generator.* 

The  fact  that  all  the  antimony  is  not  converted  into  gas  in  the 
Marsh  process  renders  the  use  of  Hofmann's  silver  nitrate 
method  unserviceable  for  the  quantitative  separation  and  estima- 
tion of  antimony  and  arsenic  in  toxicological  analysis. 

While  all  things  considered  Meyer's  method  seems  the  best 

1  otto,  op.  cit.,  164. 

3  Dragendorff  Ermittellung  der  Giften,  Dritte  Auflage,  406,  t9&&. 
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available,  the  experiences  of  this  case  justify  us  in  cautioning 
against  a  too  implicit  reliance  upon  it. 

The  finding  of  antimony  in  the  stomach  was  followed  by  de- 
tecting arsenic  also.  The  other  organs  also-  revealed  the  pres- 
ence of  each. 

In  three  viscera,  copi)er  was  noticeable.  The  liver  yielded 
0.0056  gram,  the  brain  and  muscle,  traces. 

The  entire  quantity  of  copper  extracted  from  the  liver  was 
converted  by  a  small  portion  of  the  arsenic  obtained  from  the 
same  organ  into  copper  arsenite  and  presented  as  an  exhibit 
along  with  other  portions  of  the  arsenic,  there  being  a  great  ex- 
cess of  the  latter.  The  absence  of  copper  from  the  stomach  and 
intestines  and  its  disproportion  to  the  arsenic  in  the  liver  and  the 
quantity  of  each  poison  found  seemed  sufficient  proof  to  decide 
in  the  negative  the  question  of  the  copper  arsenite  prescribed 
being  the  source  of  the  arsenic  found.  Since  the  copper  when 
found  had  passed  together  with  antimony  and  arsenic  into  the 
ammonium  sulphide  solution,  then  to  the  fusion,  it  remained 
undissolved  with  the  pyroantimoniate  and  had  to  be  separated 
from  the  antimony.  This  operation  followed  the  incineration  of 
the  filters  and  their  contents  of  sodium  pyroantimoniate,  in 
either  very  small  crucibles  or  porcelain  dishes  and  the  fusion  of 
the  residues  with  potassium  cyanide.  In  the  case  of  the  intes- 
tine the  filter  was  not  very  small  since  a  considerable  amount  of 
sodium  pyroantimoniate  had  been  separated.  The  contents  of 
the  filter  were  removed  to  a  capsule  and  the  filter  incinerated. 
A  slight  amount  of  char  was  left.  A  drop  or  two  of  nitric  acid 
was  put  on  this  and  heat  applied  to  expel  all  acid.  Whether 
this  was  not  effectual  or  some  trace  of  sodium  nitrate  remained 
undecomposed  is  uncertain,  but  sufficient  was  left  to  cause  a 
sharp  explosion  when  the  fusion  with  potassium  cyanide  was 
quite  well  under  way,  projecting  most  of  the  unfused  mass  out 
of  the  dish.  While  the  presence  of  antimony  in  large  quantity 
in  the  intestinal  tract  was  still  clearly  demonstrated  from  the 
residue  left  in  the  dish,  a  quantitative  determination  of  the 
whole  was  out  of  the  question.  Otto  alludes  to  the  possibility  of 
such  an  explosion  in  connection  with  Fresenius  and  von  Babo's 
method  of  obtaining  arsenic  by  reduction  with  potassium  cyan- 
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ide  and  sodium  carbonate,  and  very  naively  says  **  Mirist  bei 
sorgfaeltigem  Arbeiten  nie  Derartiges  vorgekommen.'* 

Although  great  care  was  exercised,  the  accident  did  happen 
in  the  above  instance  and  though  the  filter  ash  of  the  antimonial 
precipitates  from  other  viscera  were  in  one  or  two  cases  similarly 
treated  without  the  slightest  trouble,  we  ciaution  against  the  use 
of  nitric  acid  or  an  insufficient  washing  of  the  pyroantimoniate. 

Antimony  was  weighed  either  as  metal  in  powder  or  on  plati- 
num, as  sulphide  or  as  tetroxide,  Sb,0^. 

Arsenic  was  weighed  either  as  mirror  obtained  by  the  Marsh 
test  or  as  sulphide.  Two  mirrors  of  arsenic  were  estimated 
baroscopically. 

Antimony  Antimony 

Weight  Antimony  calculated  calculated 

Organ.  in  weighed  as  to  as^tartar 

grams.  grams.  grams.  emetic. 

Stomach  and  contents ... .     130        Sb  0.0307        0.03070  0.08404 

Intestines  and  contents  V  .      ^        Sb  S-         o  0072        0-00936      0.02562 

Liver,  spleen,  and  fluid  \        988        qk  r\         «t>i^^        r^r^A^^      ^  ^,^.- 
fromabdomen.         /    '      ?  ^^'^*        °-'442        0.T1423      0.31314 

Heart 224  Sb304        0.0028  0.00221      0.00605 

Kidneys 315  

Brain 820  Sb204        0.0003  0.000237    0.00065 

Muscle 227  SbjOi        0.0004  0.000317    0.00086 

0.157054    0.43036 
equivalent  to  6.64  grains. 

Weight  Arsenic  Arsenic        Arsenic 

Organ.  in  weighed  as  calculated   calculated 

grams..  grams.  to  As.         to  As^Os. 

Stomach  and  con  ten  ts>***     130        AsjSs        0.0063        0.00384      0.00507 
Intestines  and  contents  v  .     ^         As^Sj        0.1888        0.11512      0.15196 

Liver, spleen, and  fluid \       d8S         .„  «         ^  t,^^        «,^/;^x^      ^r^,«« 
from  abdomen         /  '      ?  ^^^        ^'"34        0.06914      0.09127 

Heart 224        As  0.0003        0.00030      0.000396 

Kidneys 315        As  0.0580        0.05800      0.07656 

Brain 820        As  0.0002        0.00020      0.000264 

estimated. 

Muscle 227        As  o.oooi        o.oooio      0.000132 

estimated. 

0.24670       0.325652 
equivalent  to  5.02  grains. 

It  was  deemed  important  to  produce  evidence  before  the  jury 
to  confirm  the  statement  that  both  antimony  and  arsenic  existed  in 
the  viscera  of  the  body  exhumed.  To  this  end  the  antimonial 
and  arsenical  compounds  isolated  from  the  several  viscera  were 
brought  into  weighable  form.  After  weighing,  these  compounds 
were  submitted  to  special  tests,  the  results  of  which  in  many  in- 
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stances  were  reserved  as  corpora  delicti.     These  consisted  in 
the  case  of 

The  Stomach  of  antimony  as  metal  from  the  cyanide  fusion  ; 
antimony  on  platinum  and  on  tin ;  the  oxide  and  the  sulphide. 

Bunsen  tests,  metal,  sulphide,  and  reaction  of  oxide  with  silver 
nitrate  and  ammonia. 

The  arsenic  was  shown  as  a  mirror  obtained  by  Fresenius  and 
von  Babo's  method.  (No  antimony  could  be  detected  in  the 
fused  mass  of  cyanide.)  Arsenious  sulphide  and  silver  arsenate 
were  also  presented  as  exhibits. 

The  Intestine,  Antimony  was  shown  as  metal  on  platinum 
and  as  sulphide ;  arsenic  as  Marsh  test  mirror  and  oxide ;  also 
the  resulting  mirror  of  a  Marsh  test  using  electyolysis  ;  further, 
a  Reinsch  deposit  on  copper  and  a  sublimate  of  arsenious  oxide 
therefrom  ;  silver  arsenite,  copper  arsenite,  arsenious  sulphide, 
silver  arsenate,  magnesium  ammonium  arsenate  and  Betten- 
dorff*s  test  with  stannous  chloride. 

The  Liver,  Spleen,  and  Fluid, — Antimony  was  shown  by 
Marsh  test,  metal,  silver  antimonide  and  oxide  ;  deposit  from 
hydrogen  antimonide  on  potassium  hydroxide ;  antimonious  sul- 
phide, antimonic  oxide,  antimonious  oxychloride,  the  metal  .on 
platinum  and  on  tin  ;  Bunsen 's* flame  tests,  metal  and  sulphide; 
Reinsch's  test,  metal  and  sublimate. 

Arsenic,  by  Marsh  test,  elementary  and  oxide  ;  deposit  made 
from  passing  hydrogen  arsenide  over  potassium  hydroxide ; 
silver  and  copper  arsenates. 

The  Heart  and  Blood, — Antimony  was  shown  as  metal  and 
sulphide ;'  arsenic,  as  Marsh  mirror. 

The  Brain, — Antimony  was  shown  as  sulphide;  arsenic,  as 
Marsh  mirror. 

The  Muscle, — Antimony  was  shown  as  sulphide  ;  arsenic,  as 
Marsh  mirror. 

The  Marsh  test  was  conducted  with  the  usual  precautions  and  • 
using  zinc,  slightly  platinized,  and  sulphuric  acids  of  varying 
strengths. 

The  apparatus  was  modeled  after  that  proposed  by  Prof. 
R.  Ogden  Doremus,  in  1859,  and  used  in  the  trial  of  The  People  vs. 
James  Stephens,  since  which  date  no  other  case  of  criminal  poi- 
soning by  arsenic  has  been  tried  in  New  York  City,  until  the 
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one  now  under  consideration.  At  a  subsequent  date,  1878,  the 
same  observer,  made  another  change  during  an  investigation  of 
a  case  where  attempt  to  poison  by  antimony  was  charged,  viz, , 
The  People  of  the  State  of  New  Jersey  vs.  Rev.  Geo.  B.  Vos- 
burgh.  Dragendorff's  statement  of  the  decomposability  of  hy- 
drogen antimonide  by  stick  potassium  hydroxide  was  then  verified, 
but  his  other  statement  that  hydrogen  arsenide  does  not  undergo 
change  was  then  disproved.  This  observation  has  been  corrob- 
orated by  Johnson  and  Chittenden'  and  in  this  case. 

Dragendorff,'  in  his  fourth  edition  which  has  just  come  to 
hand,  modifies  his  statement  concerning  the  decomposability  of 
hydrogen  arsenide  by  stick  potassium  hydroxide  and  refers  to 
work  done  by  Kiihn  and  Sager  in  this  connection.  The  quota- 
tion in  the  footnote  shows  that  they  were  anticipated  in  this 
matter  by  R.  Ogden  Doremus. 

Repeated  experiments  with  various  kinds  of  stick  sodium  and 
potassium  hj^droxides  have  been  made  since  1878,  and  though 
the  darkening  by  arsenic  is  not  as  pronounced  as  with  antimony, 
there  is  abundant  evidence  of  it.  The  stains  fade  more  readily. 
To  avoid  the  loss  of  arsenic  therefore,  it  has  been  customary  with 
us  to  use  fragments  of  pure  caustic  lime  as  a  drying  agent.  These 
at  least  show  no  outward  sign  of  a  decomposition  of  either  hydro- 
gen antimonide  or  arsenide. 

A  small  Erlenmeyer  flask,  well  cooled  and  having  granulated 
zinc  within,  had  acid  and  when  purged  of  air  acid  and  suspected 
liquid  fed  into  it  from  a  stop-cock  funnel.  The  escaping  gas  was 
dried  by  a  layer  of  quick-lime  between  cotton  plugs,  and  then 
conducted  through  several  inches  of  hard  glass  tubing  coiled  in 
a  spiral,  surrounded  by  a  hood  and  heated  by  a  strong  Bunsen 
flame.  The  escaping  gas  was  conducted  into  a  solution  of  sil- 
ver nitrate. 

A  complete  decomposition  of  the  hydrogen  arsenide  occurs,  no 
mirror  appearing  on  a  second  coil,  which  may  be  added  for  pre- 
caution. Some  of  the  Marsh  tests  were  conducted  with  the  view 
of  weighing  the  mirrors,  which  was  done  except  with  the  brain 

1  Dragendorfif,  op.  cit.,  406 ;  Otto,  op.  ctt.,  198 ;  Fresenius'  System  of  Quantitative  Chem- 
ical Analysis  ;  Am.  Ed.  1881,  p.  782.  "  Otto  and  also  Drag'endorfif  recommend  to  pass  the 
g:as  first  over  fragments  of  caustic  potassa.  We  find,  however,  in  accordance  with 
Doremus,  that  arsenic  is  arrested  by  caustic  alkali.    S.  W.  J.  and  R.  H.  C." 

s  Dragendorff  Ermittelung  von  Giften,  vierte  Aj^flage,  386  and  410. 
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and  muscle,  where  they  are  so  small  as  to  render  their  retention 
as  exhibits  of  greater  importance  than  the  ascertaining  of  their 
weight. 

In  other  cases  the  Marsh  test  was  used  as  a  proof  of  the  asser- 
tion that  antimony  and  arsenic  had  been  isolated.  This  last  was 
particularly  the  case  in  the  liver  tissue,  from  which  considerable 
quantities  of  each  poison  had  been  separated.  A  potassium  hy- 
droxide tube  was  therefore  inserted  instead  of  the  quicklime,  and 
well-defined  black  deposits  obtained  not  only  on  the  hydroxide 
but  by  the  heated  coil  with  antimony  and  arsenic,  the  antimonial 
deposit  formed  by  the  action  of  heat  being  on  the  side  towards 
the  generator,  that  of  the  arsenic  beyond  the  heated  spiral. 

The  arsenical  deposit  on  the  hydroxide  i§  therefore  of  special 
interest. 

Wormley'  and  others  lay  stress  on  the  fact  that  the  arsenical 
mirror  forms  beyond  the  heated  portion  of  glass. 

While  conducting  a  Marsh  test  by  the  electrolytic  evolution  of 
hydrogen  a  gradual  weakening  of  the  current  caused  a  gradually 
diminishing  flow  of  gas. 

A  mirror  of  the  character  of  those  of  arsenic  formed  on  each 
side  of  the  heated  spiral.  That  these  were  both  arsenical  was 
proved  by  their  being  soluble  in  sodium  hypochlorite  solution, 
as  well  as  from  the  extreme  care  taken  to  separate  antimony  from 
arsenic  before  employing  the  latter  in  the  Marsh  test. 

Antimonious  oxide  occurs  not  only  as  valentinite  but  as  prisms 
in  exetele  and  as  octahedra  in  senarmontite.  The  latter  resem- 
bles ordinary  arsenious  oxide,  a  beautiful  example  of  isodimor- 
phism. 

Just  beyond  the  hotest  part  of  a  spiral  employed  in  making  a 
Marsh  test  for  antimony  we  observed  a  crystalline  deposit.  The 
crystals  were  transparent  octahedra,  did  not  sublime  when  the 
tube  was  heated,  and,  became  red  when  acted  on  by  hydrochloric 
acid  and  then  ammonium  sulphide.  We  have  therefore  appar- 
ently an  instance  of  antimonious  oxide  depositing  in  the  usual 
octahedral  fonn  of  arsenious  oxide. 

Where  admissable  on  account  of  quantity  of  arsenic  or  anti- 
mony at  our  disposal,  the  gases  generated  in  the  Marsh  test  were 

1  Micro-chemistry  of  poisons,  229,  i88-i. 
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conducted  through  a  silver  nitrate  solution  before  heating  the 
spirals. 

Though  a  darkening  of  the  liquid  was  obtained  in  each  in- 
stance, no  arsenical  reaction  could  be  obtained  from  the  liquid 
where  the  suspected  antimonial  solution  was  being  added  to  the 
generator,  nor  antimony  from  the  black  deposit,  where  a  suppo- 
sably  arsenical  solution  was  under  test.  Antimony  and  arsenic 
revealed  themselves  however  in  the  deposits  in  the  former  and  in 
the  liquid  in  the  latter,  a  further  evidence  that  a  thorough  sep- 
aration of  the  two  poisons  had  been  effected  in  the  analysis. 

The  statfement  is  made  that  selenium  hydride  yields  a  black 
stain  to  glass  at  the  heated  portion,  the  stain  remaining  black  as 
long  as  the  glass  is  hot,  but  becoming  invisible  or  white  in  char- 
acter when  the  glass  cools.  We  have  verified  this  by  experi- 
ments made  with  sulphuric  acid  containing  selenium,  a  kind  of 
acid  not  difficult  to  secure  nowadays.  Indeed,  much  sulphuric 
acid  sold  as  chemically  pure  should  be  rejected  for  toxicological 
work  solely  on  this  ground.  This  dark  stain  on  the  glass  is  quite 
distinct  from  the  one  alluded  to  by  Wormley'  as  due  to  arsenic 
in  the  glass  or  to  the  reddish-brown  deposit  given  by  selenium 
hydride  when  this  gas  is  tested  by  the  Marsh- Berzelius  method. 
In  connection  with  special  tests,  we  desire  to  draw  attention  to 
the  great  delicacy  of  the  flame  tests  when  conducted  by  the 
methods  suggested  by  Bunsen.  We  have  had  occasion  to  use 
them  in  a  number  of  toxicological  cases  with  marked  success. 
In  the  Vosburgh  case  many  of  the  exhibits  shown  were  obtained 
with  very  small  quantities  of  antimony  by  these  means.  Speci- 
mens of  both  antimonial  and  arsenical  reactions  were  obtained  in 
this  investigation  and  formed  part  of  the  exhibit.  As  a  rapid 
method  of  bedside  testing,  these  reactions  are  most  excellent. 
A  small  sliver  of  mica  is  a  good  substitute  for  asbestos  fiber,  and 
the  suspected  material  can  be  readily  introduced  into  a  small  re- 
duction flame  of  either  a  Bunsen  burner  or  alcohol  lamp,  while 
the  oxide  tests  may  be  secured  with  the  aid  of  a  candle  flame.  A 
bit  of  china  is  a  good  substitute  for  a  capsule,  and  may  be  used 
to  catch  the  deposits  by  either  crushing  down  the  flame  or  hold- 
ing it  a  little  distance  above  it.  The  deposits  may  then  be  tested 
with  suitable  reagents. 

1  Wormley.  op.  cit.,  319  and  290. 
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As  an  adjunct  to  the  Marsh  test  for  arsenic,  when'a  good- 
sized  mirror  had  been  obtained  from  a  portion  of  the  arsenic, 
extracted  from  the  intestine,  the  hydrogen  apparatus  was  re- 
moved and  dry  oxygen  obtained  by  electrolysis  was  slowly 
passed  in  the  reverse  direction  to  the  hydrogen  current.  The 
mirror  was  then  gently  heated  at  the  side  nearest  the  coil 
and  the  current  of  oxygen  drifted  the  arsenious  oxide  formed 
through  the  first  cold  portion  beyond  where  beautiful  octahaedral 
crystals  were  formed. 

Although  the  work  thus  outlined  had  been  conducted  with 
the  assistance  of  Prof.  John  A.  Mandel,  who  is  jointly  entitled 
to  any  credit  belonging  thereto,  yet  to  anticipate  certain  legal 
quibbles,  the  District  Attorney,  Mr.  De  Lancey  NicoU  deemed  it 
expedient  to  submit  a  portion  of  the  viscera  for  analysis  to  some 
one  entirely  unfamiliar  with  the  history  of  the  case.  Prof.  R. 
H.  Chittenden  was  therefore  requested  .to  make  an  independent 
analysis  of  the  kidneys,  which  resulted  in  his  finding  both  anti- 
mony and  arsenic.  The  former  was  in  unweighable  quantities. 
The  arsenical  mirrors  obtained  from  the  315  grams  of  the  kid- 
neys weighed  0.0058  g^ams.'  Prof.  Chittenden  then  came  to 
New  York  and  together  we  anal3'zed  the  heart,  finding  anti- 
mony and  arsenic  as  previously  stated.  The  results  of  his  analj'- 
ses  of  the  kidneys  made  a  separate  exhibit  which  he  presented 
before  the  jury  in  his  direct  examination  as  a  witness. 

The  defense  did  not  dispute  the  finding  of  arsenic  and  anti- 
mony but  attempted  to  show  the  impossibility  of  determining 
whether  these  poisons  had  not  been  introduced  by  some  means 
after  death.  The  medical  history  of  the  case,  the  condition  of 
the  body  at  the  autopsy,  the  results  of  the  pathological  examina- 
tion, and  finally  those  of  the  chemical  analysis  were  deemed 
sufficiently  conclusive  to  the  minds  of  the  experts  for  the  prose- 
cution, to  make  special  tests  to  elucidate  this  claim  uncalled  for. 
No  testimony  was  produced  by  the  defense  to  show  that  anyone 
had  so  introduced  the  poisons  or  had  a  motive  to  do  so. 

During  the  summing  up  by  the  defense,  one  of  the  jurors  sud- 
denly became  insane.     It  was  a  recurrence  of  mental  aberration 

1  The  entire  record  of  the  case  will  be  published  under  the  direction  of  Assistant 
District  Attorney  John  K.  Mclntyre. 
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which  was  totally  unexpected.  He  had  denied  ever  having  had 
any  mental  disease  when  catechised  previous  to  his  acceptance 
as  a  juror.  A  second  trial  was  therefore  necessary.  It  resulted 
in  a  verdict  of  imprisonment  for  life. 

The  wife  of  the  prisoner  was  held  in  custody  for  many  months, 
but  was  finally  released  on  her  own  recognizance.  She  had  pre- 
sented herself  at  the  insurance  ofiSces  dressed  in  appropriate 
mourning  and  claiming  to  be  the  widow  of  **Baum."  Several 
of  the  companies  made  payments  which  she  accepted. 

It  is  a  noteworthy  circumstance  that  the  history  of  antimonial 
poisoning  is  so  frequently  connected  with  the  destruction  of  lives 
heavily  insured.  Taylor,'  in  a  monograph,  gives  some  remark- 
able cases.  In  some  of  these  a  second  poison  was  administered. 
Though  there  have  been  cases  where  arsenic  has  been  found 
along  with  antimony  its  presence  has  been  due  to  the  impure 
nature  of  the  antimony.  We  have  not  been  able  to  find  the 
record  of  any  case  of  chronic  antimonial  poisoning  followed  by 
the  use  of  arsenic  as  a  toxic  agent. 

Bellevue  Hospital  Medical  College, 
May  10, 1895. 
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ACTION  OF  HYDROCHLORIC  ACID Q AS  UPON  SALTSOF  THE 
ELEMENTS  OF  GROUP  V  OF  THE  PERIODIC  SYSTEM. 

By  Edgar  P.  Smith  and  Jos.  G.  Hibbs. 
Received  May  3,  1895. 

IN  a  former  number  of  this  Journal  (  Vol,  XI ^  ^'/8)  we  took  oc- 
casion to  call  attention  to  the  rather  interesting  behavior  of 
sodium  vanadate,  when  gently  heated  in  an  atmosphere  of  hydro- 
chloric acid  gas.  The  results  obtained  by  us  proved  that  vana- 
dic  acid  is  entirely  expelled  from  its  salt  by  this  means.  This 
behavior  naturally  suggested  a  line  of  investigation,  which  we 
hoped  to  begin  at  once,  but  it  was  not  until  very  recently  that 
we  were  able  to  resume  the  study.  The  idea  as  to  whether  the 
salts  of  the  acids  of  other  elements  of  Group  V  of  the  Periodic 
System  were  similarly  transposed  by  hydrochloric  acid  gas,  or  by 
the  gaseous  haloid  acids  in  general,  constantly  obtruded  itself. 

1  On  Poisoning  by  Tartarized  Antimony.    A.  S.  Taylor,  M.D.,  P.R.S.,  Guy's  Hospital 
Reports,  Third  Series,  a,  369, 1857. 
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We  accordingly  turned  to  sodium  nitrate  and  submitted  it  to  the 
action  of  hydrochloric  acid  gas,  aiding  the  reaction  by  a  gentle 
heat.  The  gas  was  evolved  by  dropping  concentrated  sulphuric 
acid  from  a  funnel  tube  into  commercial  hydrochloric  acid.  From 
the  evolution  flask  it  passed  through  an  empty  bottle  and  then 
through  sulphuric  acid,  from  which  it  entered  a  combustion  tube 
carrying  a  boat  containing  the  salt  to  be  acted  upon.  The  pro- 
ducts of  the  reaction  were  conducted  into  water,  contained  in  a 
bulb-receiver,  to  which  was  attached  a  small  Erlenmeyer  flask 
containing  water. 

When  the  gas  came  in  contact  with  pure  sodium  nitrate,  action 
set  in  even  in  the  cold.  The  salt  assumed  a  brown-yellow  color 
and  a  yellow  liquid  condensed  in  the  cooler  portion  of  the  com- 
bustion tube.  On  the  application  of  heat  this  was  driven  into 
the  receiver.  The  action  was  continued  for  fifteen  minutes,  after 
which  the  boat  was  allowed  to  cool  in  the  gas  and  then  trans- 
ferred to  a  vacuum  desiccator,  where  it  remained  for  an  hour  be- 
fore it  was  weighed.  An  examination  of  its  contents  revealed 
the  presence  of  nothing  but  sodium  chloride.  That  the  conver- 
sion was  quantitative  is  evident  from  the  following  data : 

Experifnent  I , — 0.1878  gram  of  carefully  dried  nitrate  gave 
0.1289  gram  of  sodium  chloride,  while  the  calculated  quantity  of 
the  latter  is  0.1290  gram. 

Experiment  2,-— o,2ih2fi  gram  of  nitrate  gave  0.2429  gram  of 
chloride,  instead  of  the  theoretical  0.2428  gram. 

Experiment  J. '^-o,2()'ji  gram  of  nitrate  gave  0.2040  gram  of 
chloride,  while  the  required  quantity  is  0.2041  gram. 

Experiment  4, — 0.6462  gram  of  nitrate  gave  0.4440  gram  of 
chloride,  instead  of  0.4439  gram,  as  required  by  theory. 

In  experimenting  with  phosphates  we  used  pure  sodium  pyro- 
phosphate. We  found  that  this  salt  was  not  affected  when  sub- 
jected to  the  action  just  described.  Nothing  was  expelled  from 
it.  When  sodium  pyroarsenate  was  substituted  for  the  phosphate 
action  did  occur ;  the  arsenic  was  completely  volatilized  and  col- 
lected in  the  water  contained  in  the  bulb-receiver.  The  contents 
of  the  latter  were  carefully  poured  into  a  beaker  glass  and  oxi- 
dized with  a  few  drops  of  nitric  acid.  Later  a  **  magnesid  mix- 
ture'* was  added  to  the  neutralized  solution,  which  was  permit- 
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ted  to  stand  fifteen  hours  before  the  magnesium  ammonium  ar- 
senate was  filtered.  It  was  finally  weighed  as  magnesium  pyro- 
arsenate.  The  contents  of  the  boat  were  also  dissolved  and 
tested  for  arsenic,  but  none  was  found. 

Experiment  i, — 0.3844  gram  of  sodium  p3'roarsenate  gave 
0.3355  gram  of  magnesium  pyroarsenate,  instead  of  0.3361  gram, 
the  quantity  required  by  theory. 

ExperUnent  2. — o.  1093  gram  of  sodium  pyroarsenate  gave 
0.0959  gram  of  the  magnesium  salt,  instead  of  0.0956  gram,  the 
calculated  quantity. 

In  these  experiments  a  colorless  liquid  collected  in  the  cooler 
portions  of  the  tube  beyond  the  boat,  but  this  disappeared  upon 
the  application  of  a  gentle  heat. 

In  a  third  tiial  the  aqueous  arsenic  solution  was  not  oxidized, 
consequently  the  arsenic  obtained  by  precipitation  with  the 
**  magnesia  mixture**  was  far  from  the  required  quantity.  From 
this  we  infer  that  the  arsenic  is  not  volatilized  wholly  as  a  deriv- 
ative of  its  higher  oxide.  The  latter  doubtless  suffers  partial 
reduction.  We  are  striving  at  present  to  ascertain  in  what  form 
it  is  removed.  When  it  is  considered  that  vanadic  acid  is  ex- 
pelled as  an  oxychloride,  analogy  would  suggest  some  similar 
form  for  the  arsenic.  Of  this,  however,  we  expect  to  speak  more 
definitely  in  the  future. 

Care  should  be  exercised  in  heating  the  sodium  pyroarsenate 
in  the  hydrochloric  acid  gas,  as  the  salt  when  heated  in  it  fuses 
very  readily,  and  after  fusion  sets  in  the  acid  acts  rather  slowly. 
Magnesium  pyroarsenate  and  lead  arsenate  were  found  to  be  con- 
verted quite  as  readily,  by  the  gas,  into  their  chlorides  and  the 
arsenic  as  completely  eliminated  as  in  the  case  of  the  sodium 
salt.     The  corresponding  phosphates  remained  unchanged. 

The  separation  of  the  two  acids,  when  associated  as  sodium 
salts,  as  magnesium  salts,  and  lead  salts,  was  tried. 

Experiment  i, — A  mixture,,  consisting  of  one-tenth  gram  of 
sodium  pyroarsenate  and  an  equal  amount  of  sodium  pyrophos- 
phate, was  treated  as  just  described.  The  arsenic  found  in  the 
bulb-receiver  and  weighed  as  magnesium  pyroarsenate,  was 
0.0869  gram.  Theory  required  0.0874  gram.  The  phosphate 
remaining  in  the  boat  was  dissolved  in  water  and  the  acid  finally 
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weighed  as  magnesium  pyrophosphate.     It  equaled  0.0830  gram 
instead  of  0.0834  gram,  the  theoretical  quantity. 

Experinie7it  2, — In  this  trial  o.  1 100  gram  of  each  salt  was  used. 
The  volatilized  arsenic,  weighed  as  pyro-salt,  equaled  0.0957 
gram,  instead  of  0.0961  gram.  The  non- volatilized  phosphorus, 
weighed  in  the  same  form,  equaled  0.0909  gram,  instead  of  the 
theoretical  0.0918  gram. 

We  next  prepared  magnesium  p5Toarsenate  and  magnesium 
pyrophosphate.  Mixtures  of  these  salt^  were  then  acted  upon 
hy  the  acid  gas.  Two  separations  were  made  with  the  following 
results : 

Experiment  i, — o.iioo  gram  of  each  salt  brought  into  a  boat 
was  acted  upon  by  the  acid.  No  difference  from  the  behavior 
of  the  sodium  salts  was  observed,  excepting  that  the  tendencj'' 
to  fusion  was  not  so  marked  in  this  case  as  with  the  sodium  salts. 
The  volatilized  arsenic  acid  gave  0.1094  gram  of  magnesium 
pyro-salt,  thus  falling  short  of  the  theoretical  amount  by  0.0006 
gram.  The  residual  magnesium  pyrophosphate  weighed  0.1105 
gram.  This  approaches  the  theoretical  (o.  1 100  gram)  so  closely 
that  the  separation  must  be  viewed  as  complete. 

Experiment  2. — The  same  quantities  of  the  two  salts  were 
taken  in  this  trial.  Instead  of  o.  1 100  gram  of  pyrophosphate  ac- 
tually taken  the  found  salt  equaled  o.  1 108  gram.  The  difference 
between  the  arsenic  salt  used  and  the  quantity  of  it,  which  was 
carried  out  of  the  mixture  by  the  gas,  equaled  0.0009  gram.  An 
examination  of  the  non-volatilized  phosphate  showed  it  to  be  free 
from  arsenic.  Lead  arsenate  was  very  readily  transposed  by  the 
acid  into  lead  chloride,  and  the  volatile  arsenic  derivative. 

Lead  arsenate.  Lead  chloride. 

Obtained.  Required. 

Experimtnt  i. — 0.2965  gram  gave  0.2746  gram  0.2747  gram. 

.?.— 0.3608      '*        "     0.3347     "  0.3343      •* 

-  The  residual  lead  chloride  was  dissolved  in  water,  and  the 
aqueous  solution  introduced  into  a  Marsh  apparatus.  Not  a 
trace  of  arsenic  was  found  in  this  way.  Upon  adding  a  very 
slight  amount  of  lead  arsenate  to  the  solution  the  mirror  and 
spots  of  arsenic  were  almost  immediately  observed.  The  com- 
plete transposition  of  this  salt  induced  us  to  execute  a  third  trial 
in  which  we  not  only  weighed  the  residual  lead  chloride  and 
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found  it  satisfactor5^  but  also  determined  the  arsenic  which  had 
been  volatilized. 

Lead  arsenate.  Mag^nesiutn  pyroarsenate. 

Found.  Calculated. 

0.2965  gram  gave o.  1022  gram.  o.  1028  gram. 

Two  portions  of  a  mineral  containing  lead,  arsenic  acid,  and 
phosphoric  acid,  were  exposed  to  the  action  of  the  acid  gas.  The 
volatilized  arsenic  equaled  in  (a)  10.42  percent,  and  in  (b)  10.39 
per  cent.     None  remained  in  the  residue  contained  in  the  boat. 

Experiments  have  not  yet  been  made  with  antimonates. 

Separations  of  vanadic  and  arsenic  acids  from  tungstic  and 
chromic  acids  are  now  being  carried  out,  and  with  encouraging 
results.  The  action  of  hydrobromic,  hydriodic  and  hydrofluoric 
acid  in  gas  form  upon  vanadates,  nitrates,  arsenates  and  phos- 
phates, has  received  attention  with  results  which  will  appear 
later. 

University  of  Pennsylvania. 
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URANIUM  OXYNITRIDE  AND  URANIUM  DIOXIDE. 

By  Edgar  P.  Smith  and  J.  Mbrritt  Matthews. 

Received  May  31,  1895. 

THE  action  of  ammonia  upon  molybdenyl  (MoO,Cl,)  and 
tungstyl  (WOjCl,)  chlorides  has  received  attention  in  this 
laboratory.  To  Complete  the  study  of  Group  VI  in  this  direction, 
uranyl  chloride  (UOjCl,)  was  prepared,  placed  in  a  porcelain 
boat  and  heated  in  a  glass  tube  in  a  current  of  dry  ammonia.  At 
a  comparatively  moderate  temperature  the  material  began  to  take 
on  a  dark  color,  and  copious  fumes  of  ammonium  chloride  were 
evolved.  The  heat  was  raised  and  continued  until  the  ammo- 
niacal  salt  was  no  longer  produced.  The  residue  was  dull  black 
in  color.  When  fused  in  a  nickel  crucible  with  caustic  potash, 
ammonia  was  slowly  evolved.  A  portion  of  the  substance  intro- 
duced into  aqueous  silver  nitrate  caused  the  separation  of  a 
beautiful,  deposit  of  brilliant  crystals  of  metallic  silver.  Chlorine 
was  not  found  in  the  compound.  When  it  was  heated  with  sul- 
phuric acid  (1:2)  in  a  sealed  tube,  complete  solution  ensued. 
Upon  titration  with  standardized  potassium  permanganate,  the 
presence  of  6.83  per  cent,  of  dioxide  was  disclosed.     No  hydro- 
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gen  was  discovered  in  the  material  examined  for  it.     Four  anal- 
yses were  made  and  resulted  as  follows : 

0.231 1  gram  of  material  gave  84.81  per  cent,  uranium. 
0.3139  **  **  **  '  **  2.19  **  ••  nitrogen. 
0.2412      **     **        *•  ''     84.87    **      *'       uranium. 

0.1868      ''     **        **  **       2.24    **      "      nitrogen. 

The  mean  of  the  uranium  and  nitrogen  determinations  was 
84.84  per  cent,  uranium  and  2.21  per  cent,  nitrogen,  leaving  a 
difference  of  12.95  P^r  cent,  for  oxygen.  The  formula  we  have 
deduced  from  these  figures  is  U,,N,0,^,  which  requires  84.88  per 
cent,  uranium,  2.25  per  cent,  nitrogen,  and  12.87  P^^  cent,  ox- 
ygen. 

Uhrlaub*  mentions  an  oxynitride  of  ui;anium  which  from  its 
analysis  approximates  the  formula  U.N^Ojg. 

From  further  experiments  made  by  us  it  is  evident  that  these 
oxy nitrides  are  bodies  of  extremely  variable  constitution,  de- 
pendent upon  the  temperature  and  length  of  time  to  which  the 
uranium  body  is  exposed  to  the  action  of  the  ammonia.  This 
conduct  was  also  observed  to  prevail  with  the  corresponding  de- 
rivatives of  both  molybdenum  and  tungsten. 

Preparation  of  Uranium  Dioxide, — The  preparation  of  this 
compound  has  been  the  subject  of  much  discussion.  It  will  be 
remembered  that  this  is  the  oxide  long  looked  upon  as  metallic 
uranium.  Zimmermann'  found  that  it  resulted  upon  merely 
heating  the  oxide  U,0^  in  indifferent  gases,  such  as  carbon 
dioxide.  Others  have  tecommended  the  ignition  of  urano-uranic 
oxide  in  hydrogen,  or  together  with  sulphur,  or  with  sulphur 
and  ammonium'  chloride.  We  submit  the  course  by  which  we 
obtained  it.  The  oxide  UjOj,  was  intimately  mixed  with  a  large 
excess  of  dry  ammonium  chloride  in  a  porcelain  crucible,  and  this 
then  placed  in  a  larger  Hessian  crucible  and  surrounded  with 
closely  packed  charcoal.  The  crucibles  were  heated  in  a  wind 
furnace  at  almost  a  white  heat  for  about  six  hours.  A  reddish 
brown  substance  remained.  It  contained  no  nitrogen  or  chlo- 
rine. Two  portions  of  it  were  dissolved  in  nitric  acid  and  the 
uranium    determined  with  these  results:    88.23  P^r  cent,   and 

1  Verbinduugen  einiger  Metalle  mit  Stickstoff,  G5ttingen,  1859. 
SAunalen,  332,  283. 
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88.00  per  cent.,  giving  as  a  mean  88.12  per  cent.  A  third  por- 
tion, weighing  0.3363  gram,  was  heated  for  fifteen  minutes  over 
a  Bunsen  fiame;  the  increase  in  weight  was  0.0 119  gram,  and 
heating  again  for  forty-five  minutes  there  resulted  an  alteration 
of  only  o.ooi  i  gram,  after  which  the  weight  continued  constant. 
The  total  increase  of  the  material  taken  by  its  conversion  into 
urano-uranic  oxide,  was  therefore  0.0130  gram,  while  the  calcu- 
lated increase  should  be  0.0132  gram. 

University  of  Pennsylvania. 


[Contribution  from  the  John  Harrison  Laboratory  of 
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THE  SEPARATION  OF  IRON  FROH  BERYLLIUfl. 

By  Elizabeth  A.  Atkinson  and  Edgar  F.  Smith. 

Received  May  31,  1895. 

THIS  separation  is  generally  effected  through  the  solubility 
of  beryllium  hydroxide  in  ammonium  carbonate.     It  is, 
however,  not  always  satisfactory,  and  any  method  affording  bet-* 
ter  results  will  be  of  interest  to  the  analyst. 

Ilinski  and  v.  Knorre*  called  attention  to  the  use  of  nitroso-y^- 
naphthol  in  analytical  work.  For  example,  they  separated 
cobalt  from  nickel  and  iron  from  aluminum  by  means  of  this 
reagent.  Inasmuch  as  their  study  has  not  been  continued,  it 
seemed  to  us  of  interest  to  ascertain  whether  or  not  the  same 
reagent  could  be  used  for  the  separation  indicated  at  the  head 
of  this  communication.  We  used  the  following  solutions:  (i) 
a  fifty  per  cent,  acetic  acid  solution  of  the  nitroso-Z^-naphthol* 
(2)  a  ferric  solution  of  which  ten  cubic  centimeters  contained 
0.1278  gram  of  ferric  oxide,  and  finally  a  beryllium  chloride 
solution  of  which  ten  cubic  centimeters  contained  0.1248  gram. 

The  first  step  taken  was  to  learn  how  completely  the  iron  was 
precipitated  by  the  proposed  reagent.  To  this  end  ten  cubic 
centimeters  of  the  ferric  solution  (=0.1278  gram  Fe^O,)  were 
diluted  with  two  hundred  cubic  centimeters  of  distilled  water, 
and  one  hundred  and  twenty-five  cubic  centipieters  of  the  nitroso- 
/!^-naphthol  added  to  the  cold  liquid,  which  was  then  allowed  to 
stand  for  a  period  of  twenty-four  hours.  The  iron  precipitate 
was  then  filtered  out,  washed  at  first  with  fifty  per  cent,  acetic 
acid,  and  subsequently  with  w^ater,  until  a  few  drops  of  the  wash- 
ings left  no  residue  upon  evaporation  and  ignition  upon  a  strip 

1  Ber,  d,  chem.  Ces.,  i8.  699,  272S. 
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of  platinum.  After  the  iron  nitroso-/?-naphthol  had  dried  it  was 
mixed  with  an  equal  amount  of  pure  oxalic  acid,  and  the  filter 
folded  up  over  the  mixture,  which  was  then  carefully  heated  in  a 
weighed  porcelain  crucible.  The  heat  at  first  was  moderate,  but 
gradually  increased  until  all  the  carbon  had  been  burned  ofif. 
These  are  practically  the  precautions  which  were  recommended 
by  Ilinski  and  v.  Knorre,  so  that  our  experience  corroborates  that 
given  by  these  chemists. 

The  results  obtaiued  by  us  are : 

1.  0.1277  gram  of  ferric  oxide. 

2.  0.1283 

3.  0.1277 

The  theoretical  ferric  oxide  equaled  0.1278  grams. 

Upon  treating  ten  cc.  of  the  beryllium  solution  just  as  described 
under  the  iron,  no  evidence  of  precipitation  was  observed  even 
after  the  expiration  of  forty-eight  hours. 

The  real  object  of  our  study  was  the  separation  of  the  iron  from 
the  beryllium.  In  following  out  this  idea  we  proceeded  in  the 
following  manner:  Ten  cc.  of  the  ferric  salt  (=0.1278  gram  of 
ferric  oxide)  and  an  equal  volume  of  the  beryllium  solution,  equal 
to  0.1248  gram  beryllium  oxide,  were  diluted  to  two  hundred  cc. 
with  distilled  water.  The  nitroso-)^-naphthol  solution  was  added 
to  this  cold  mixture.  After  standing  twelve  hours  the  ferric 
compound  was  filtered  out  and  disposed  of  as  above  described. 
The  ferric  oxide  found  was : 

1.  0.1277  gram, 

2.  0.1275 
3-  0.1277 

instead  of  the  theoretical  0.1278  gram. 

Efforts  made  to  precipitate  uranium  salts  with  this  reagent  re- 
sulted negatively.  The  substitution  of  an  alcoholic  for  an  acetic 
acid  solution  of  the  reagent  made  no  difference. 

We  also  found  that  nitroso-)^-napthol  does  not  precipitate  solu- 
tions of  cerous  salts,  of  lanthanum  ammonium  nitrate,  of  praseo- 
dymium nitrate,  of  neodymium  nitrate,  of  terbium,  of  erbium, 
or  of  sodium  molybdate  or  tungstate.  Zirconium  chloride  gave 
an  orange-colored  precipitate,  and  eerie  ammonium  nitrate  a 
bright  scarlet,  flocculent  precipitate,  which  was,  however,  far 
from  being  complete. 

UNIVB&8XTY  OF  FBNlf 8TI.VANIA. 
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VOLATILE  LIQUIDS. 

By  C.  £.  IflNEBARGBR. 

[Omiinugd/roM  Pagi  652  ] 

Tabi^e  VII. 

Vapor-Tensions  of  Mixtures  of  Toluene  and  Chloroform  at  S4,8F, 
Vapor-Tension  of  Toluene  at  34,8^^  is  46.8  mm.  of  Mercury, 
Vapor-Tension  of  Chloroform,  at  34,8^  is  28^,2  mm,  of  Mercury, 


Molecules 
CHCla  in 
100  mole- 
cules of 
liquid 
mixture. 

Molecules 
CHCla  in 
100  mole- 
cules of 
gaseous 
mixture. 

Grams 

CHCl,  in 

vapor. 

Grams 

C,He  in 

vapor. 

Ten- 
sion of 

CHCIb 
in  mm. 

Ten- 
sion of 
.  C,H8 
m  mm. 

Vol- 
ume of 

air 
incc. 

Barom-   Inter- 
eter         nal 
in     pressure 
mm.     in  mm. 

28.74 

6529 

0.4856 

0.1994 

64.7 

34.4 

1040 

747        24 

60.43 

89.20 

1.3578 

0.1270 

160.9 

195 

I03I 

754        23 

TAB1.E  VIII. 

Vapor-Tensions  of  ^fixtures  of  Benzene  and  Carbon  Tetrachloride  at 

34.8P, 

Vapor-Tension  of  Benzene  at  34.8P  is  145*4  «*«*.  of  Mercury, 

Vapor-Tension  of  dwbon  Tetrachloride  at  34*8P  is  169,4  *«^«'  of  Mer- 
cury. 


Molecules 

CCI4  in 
100  mole- 
cules of 
liquid 
mixture. 

Molecules 
CCI4  in 
100  mole- 
cules of 
gaseous 
mixture 

Grams 

CCI4  in 

vapor. 

Grams 
CeH.  in 
vapor. 

Ten- 
sion of 

CCI4 
in  mm 

Ten- 
sion of 
.C,H. 
in  mm. 

Vol- 
ume of 

air 
in  cc. 

Barom 

eter 

in 

mm. 

-   Inter- 
nal 
pressure 
in  mm. 

7.21 

9.66 

0.1741 

0.8260 

t4.5 

135.4 

1205 

762 

18 

18.68 

20.54 

0.3931 

0.7561 

32.5 

125.5 

1205 

758 

20 

28.00 

35.71 

0.6267 

0.5730 

60.0 

105.0 

IO16 

756 

12 

50.19 

55.03 

I.123I 

0.4666 

91.3 

75.6 

I20I 

762 

19 

63.88 

65.27 

1.2699 

0.3431 

103. 1 

54-5 

I2I9 

760 

27 

77.89 

83.01 

I.5321 

0.1669 

117.6 

31.8 

1034 

754 

26 

TABI.E  IX. 

Vapor-Tensions  of  Mixtures  of  Toluene  and  Carbon   Tetrachloride  cU 

Vapor-Tension  cf  Toluene  at  34,8^  is  46,8  mm,  of  Mercury, 

Vapor- Tension  of  Carbon  Tetrachloride  at  34*8^  is  169,4  ^^'  of  Mer- 
cury, 
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Molecules 
CCI4  in 
100  mole- 
cules of 
liquid 
mixture. 

30.69 

53.85 
60.00 

91.87 


Molecules 

CCI4  in 
100  mole- 
cules of 
gaseous 
mixture. 


58.19 
67.86 

83.67 

97.22 


Grams 
CCI4  in 
vapor. 

0.4754 

0.9305 
0.9624 

1.6063 


Grams 

C7H*  in 

vapor. 

1.2046 
0.1260 
O.I  126 
0.0281 


Ten- 
sion of 

CCI4 
in  mm. 

51.5 
78.3 
99.1 

1551 


Ten- 
sion of 

in  mm. 

37.0 
22.3 
19.4 

4.5 


Vol- 
ume of 

air 
in  cc. 

IO16 
1022 
1020 
1017 


Barom 

eter 

in 

mm. 

756 
75S 
759 
756 


Inter- 
nal 
pressure 
in  mm. 

12 

17 
14 
13 


Table  X. 

Vapor-TeJisions  of  Mixtures  of  Nitrobenzene  and  Carbon  Tetrachlo- 
Hde  at  S4.tf . 

Vapor-Tension  of  Nitrobenzene  at  34.8^  is  1.16  mm.  of  Mercury. 

Vapor-Tension  of  Caibon  Tetrachloride  at  34,8^  is  16^.4  mm.  of  Mer- 
cury, 


Molecules 

CCI4  in 
100  mole- 
cules of 
liquid 
mixture. 

Molecules 

CCI4  in 
100  mole- 
cules of 
gaseous 
mixture. 

Grams 
CCI4  in 
vapor. 

Grams 

CeHftXOi  ii3 

vapor. 

Ten- 
S!on  of 
I     CCI4 
in  mm. 

Ten- 
sion of 
C.H5XO, 
in  mm. 

Vol- 
ume of 

air 
in  cc. 

Barom-    Inter- 
eter         nal 
in     pres.xurc 
mm.     in  mm. 

5-37 

93-51 

0.3095 

0.0175 

18.9 

^•3 

1973 

760 

20 

50.73 

94-47 

I.IIII 

0.0489 

II3.9 

6.2 

1020 

756 

12 

73-54 

96.09 

1.4420 

0.0471 

141. 5 

5.6 

1022 

753 

18 

95-21  _ 

98.61 

1.7798 

0.0190 

167.6 

2.3 

1021 

753 

18 

lO.    INFLUENCE  OF  TEMPERATURE  ON  THE  VAPOR-TENSIONS 
OF  MIXTURES  OF  VOLATILE  LIQUIDS. 

It  is  a  well-known  fact  that  the  higher  the  temperature  the 
greater  the  vapor-tension ;  this  is  true  of  mixtures  of  liquids 
as  well  as  of  the  liquids  themselves.  It  may  be,  now,  that  the 
vapor-tensions  of  mixtures  of  volatile  liquids  exhibit  a  deport- 
ment varying  with  the  temperature ;  but  if  it  can  be  shown 
that  change  of  temperature  is  without  influence  upon  the 
nature  of  the  phenomenon  presented  b}-  the  vapor-tensions  of 
such  mixtures,  the  experimental  investigation  of  the  subject 
is  much  simplified,  for  theoretic  conclusions  based  on  data 
found  at  a  certain  temperature  can  be  at  once  applied  to 
other  temperatures,  so  that  the  investigation  of  the  vapor-ten- 
sions of  mixtures  of  various  concentrations  at  one  temperature 
suffices  for  the  di.scussion  and  elucidation  of  the  entire  problem. 
Material  which  furnishes  an  answer  to  the  question  as  to  whether 
temperature  has  an  influence  upon  the  vapor-tensions  of  mix- 
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tures  of  volatile  liquids  can  be  found  in  the  papers  of  Regnault 
{loc.  cit.)^  Raoult  {loc.  cit,)^  and  Brown  {loc,  cit,), 

Regnault' s  determinations  were  made  through  a  considerable 
range  of  temperature,  and,  although,  at  most  only  three  differ- 
ent concentrations  were  examined,  it  is  possible  by  rearranging 
them  to  get  an  answer  to  our  query.  The  mixtures  which  can 
be  utilized  are  five  in  number, — ^two  mixtures  of  carbon  bisul- 
phide and  ethyl  oxide,  whose  vapor-tensions  were  determined 
by  the  static  method,  and  one  mixture  of  the  same  liquids,  the 
vapor-tension  of  which  was  determined  by  the  dynamical  method ; 
and  two  mixtures  of  carbon  bisulphide  and  carbon  tetrachloride 
of  which  the  vapor- tensions  were  investigated  by  the  static 
method. 

The  first  mixture  of  carbon  bisulphide  and  ether  was  made  up 
of  sixty-two  volumes  of  the  first  liquid  and  thirty-eight  volumes 
of  the  second,  (**  Melange  de  62  sulphure  de  carbone  et  38 
d'^ther,  en  volumes*')*  and  eleven  determinations  of  its  vapor- 
tension  were  made  in  the  temperature  interval  4.72**  to  39.44**. 
If  we  put  the  specific  gravity  of  Regnault's  carbon  bisul- 
phide at  1.27,  and  that  of  his  ether  at  0.78,  the  mixture  con- 
tained by  weight  27.35  per  cent,  of  ether,  and  72.65  per  cept.  of 
carbon  bisulphide ;  or  a  hundred  molecules  of  the  mixture  con- 
tained 27.20  molecules  of  ether  and  72.80  molecules  of  carbon 
bisulphide.  The  second  mixture  was  prepared  by  mixing  fifty- 
six  volumes  of  ether'  and  forty-one  volumes  of  carbon  bisulphide 
(**M61anges  de  56  6ther  et  de  41  sulphure  de  carbone  en 
volumes'*).  Thirteen  determinations  were  made  of  the  vapor- 
tensions  of  this  mixture  at  temperatures  varying  from  8.01®  to 
38. 18**.  One  hundred  parts  by  weight  contained  then  45.61  parts 
ol  ether  and  54.39  parts  of  carbon  bisulphide ;  and  one  hundred 
molecules  of  the  mixture  contains  46.29  molecules  of  ether  and 
53.71  molecules  of  carbon  bisulphide. 

The  third  mixture  of  carbon  bisulphide  apd  ether  was  made 
up  of  equal  volumes  of  each ;  ( *  *  Melange,  a  volume  ^guax,  de 
sulphure  de  carbon  etd'^ther")  about  twenty-five  measurements 
were  made  in  the  temperature  interval  from  20.81**  to  121.48° 
The  percentage  composition  of  the  mixture  is  61.95  P^r  cent,  of 
carbon  bisulphide  and  38.05  per  cent,  of  ether,  and  the  molecu- 
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lar  percentage  composition  is  61.32  molecules  of  carbon  bisul- 
phide and  38.68  molecules  of  ether. 

The  first  mixture  of  carbon  tetrachloride  and  carbon  bisul- 
phide contained  equal  volumes  of  the  two  liquids ;  ( *  *  Melange  de 
volumes  ^gaux  de  chlorure  de  carbone  et  de  sulphure  de  car- 
bone")  ten  determinations  of  its  vapor- tension  were  made  at  tem- 
peratures varying  from  8.75°  to  48.43''.  If  we  put  the  specific 
gravity  of  Regnault*s  carbon  tetrachloride  as  equal  to  1.62,  and 
that  of  his  carbon  bisulphide  as  equal  to  1.27,  the  percentage 
composition  by  weight  of  the  mixture  is  56.06  per  cent,  of  carbon 
tetrachloride  and  43.94  per  cent,  of  carbon  bisulphide ;  and  one 
hundred  molecules  of  the  mixture  contain  61.2  molecules  of  the 
first-named  liquid  and  38.8  molecules  of  the  last-named. 

In  indicating  the  composition  of  the  second  mixtures  Regnault 
uses  the  following  words  :  **  Melange  de  60  parties  sulphure  de 
carbone  et  de  145  chlorure  de  carbone.**  There  is  doubt  here  as 
to  whether  Regnault  means  by  **  parties,**  parts  by  weight  or  by 
volume.  This  is  the  only  place  where  this  form  of  expression  is 
used,  and  in  the  other  cases,  it  is  expressly  stated  that  the  units 
of  measure  are  volumes.  I  take  it,  then,  that  in  this  case  parts 
by  weight  are  to  be  understood,  and  in  the  sequel  it  will  be  seen 
that  the  regularity  of  the  data  as  represented  graphically  renders 
this  understanding  of  the  matter  warranted.  At  any  rate,  the 
difference  between  the  results  of  calculations  with  volumes  or 
weights  as  bases  is  not  very  great,  so  that  there  is  not  much  dan- 
ger of  committing  any  very  gross  error.  By  weight  the  percent- 
age composition  of  this  mixture  is  70.73  per  cent,  of  carbon  tet- 
rachloride and  29.27  percent,  of  carbon  bisulphide,  while  one 
hundred  molecules  of  it  contain  65.47  molecules  of  carbon  tetra- 
chloride and  34.53  molecules  of  carbon  bisulphide.  I  give  also 
the  percentage  molecular  composition  on  the  assumption  that 
Regnault*s  *  'parties*  *  means  parts  by  volume  ;  one  hundred  mole- 
cules of  the  mixture  contain  54.47  molecules  of  carbon  tetrachlo- 
ride and  45.53  molecules  of  carbon  bisulphide. 

In  order  to  transform  Regnault*s  data,  the  following  procedure 
was  gone  through  with :  In  a  system  of  coordinates  with  tem- 
peratures as  abscissas  and  vapor-tensions  as  ordinates,  his  meas- 
urements were  plotted  on  a  large  scale ;    as  might   be  expected 
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of  any  of  Regnault's  experimental  work,  the.points  fell  very  close 
to  a  regular  curve.  At  points  at  this  curve  corresponding  to  o°, 
io°,  20*^,  30**,  etc.,  the  value  of  the  ordinates  was  carefully  taken, 
that  is,  the  vapor- tensions  for  each  of  the  above  temperatures. 
In  this  way  data  were  obtained  by  means  of  which  isothermal 
curves  were  drawn  in  a  system  of  coordinates  with  concentra- 
tions as  abcissas  and  vapor-tensions  as  ordinates. 

An  inspection  of  the  isothermal  curves  shows  that  no  apprecia- 
ble influence  of  temperature  manifests  itself ;  the  vapor-tension 
of  the  more  volatile  component  of  the  mixture  increases,  indeed, 
more  rapidly  than  that  of  the  less  volatile,  but  this  does  not  affect 
the  contour  of  the  curve,  its  inclination  alone  being  somewhat 
altered. 

Raoult'  made  a  special  study  of  the  possible  influence  of  tem- 
perature upon  the  vapor-tensions  of  mixtures  of  ether  with 
each  of  the  following  liquids  almost  nonvolatile  at  low  temper- 
atures: turpentine,  aniline,  perchlorethane,  and  benzoic  acid, 
the  temperature  interval  being  from  o"*  to  22**.  The  results  of 
his  experiments  permitted  him  to  draw  the  definite  conclusion 
that  in  the  above  temperature  interval  the  vapor-tension  is  quite 
independent  of  the  temperature. 

The  experiments  of  Brown*  on  the  boiling-points  of  carbon 
bisulphide  and  carbon  tetrachloride  may  be  brought  forward  as 
evidence  that  the  influence  of  the  temperature  on  the  vapor- 
tensions  of  mixtures  of  normal  liquids  is  very  slight;  he  found 
the  curves,  sketched  with  percentage  composition  on  the  axis  of 
abscissas,  and  boiling-points  on  the  axis  of  ordinates,  for  the  pres- 
sures 747  to  760,  and  430  to  432  mm.  to  be  practically  parallel. 

From  the  above  considerations,  we  may  conclude  that  tem- 
perature has  but  a  vanishing  influence  upon  the  vapor-tensions 
of  mixtures  of  normal  liquids;  that  is  to  say,  although  the  higher 
the  temperature,  the  greater  the  vapor- tension,  the  regularities 
found  and  the  laws  deduced  from  observations  made  at  any  one 
temperature  are,  without  question,  applicable  to  any  other  tem- 
perature, which,  however,  be  it  remarked  as  a  caution,  should 
probably  not  be  too  different  from  that  of  the  observations. 

1  Loc,  cit. 
»  Loc.  cit. 
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XI.   RELATIONS  BETWEEN  THE  VAPOR-TENSIONS,  PARTIAL 
AND  TOTAL,  AND  THE  CONCENTRATION  OF  THE 

LIQUID   PHASES. 

We  remark  first,  that  the  tension  of  the  mixed  vapor  emitted 
by  any  of  the  mixtures  of  volatile  liquids  examined  is  always 
greater  than  the  tension  of  the  less  volatile  liquid  and  always 
less  than  that  of  the  more  volatile  liquid ;  also,  that  the  partial 
tension  or  pressure  of  either  cjomponent,  of  any  mixture,  is  always 
less  than  the  vapor-tension  of  the  component  in  a  state  of  purity  ;* 
these  two  properties  belong  to  all  the  mixtures  investigated. 
In  the  discussion  of  the  other  properties,  we  shall  find  it  con- 
venient to  divide  the  mixtures  into  classes.  In  the  first  class  we 
put  the  mixtures  of  benzene  and  toluene  with  monochlor-  and 
monobrombenzene ;  in  the  second,  the  mixtures  of  chloroform 
with  benzene,  and  with  toluene ;  in  the  third,  the  mixtures 
of  carbon  tetrachloride  with  toluene,  and  with  benzene ;  and  in 
the  fourth  and  last,  the  mixture  of  nitrobenzene  and  carbon 
tetrachloride. 

Now  the  mixtures  of  the  first  class  are  made  up  of  liquids 
which  are  very  similar  in  their  chemical  constitution,  and  it  is 
natural  to  expect  that  they  will  exhibit  the  very  simplest  phe- 
nomena when  mixed  with  one  another.  And,  indeed,  this  ex- 
pectation is  realized,  for  the  vapor-tensions  of  their  mixtures  are 
seen  to  be  linear  functions  of  the  concentration  :  in  the  graphic 
representations  ( abscissas  =  molecular  percentages ;  ordinates 
=  vapor-tensions)  of  the  determinations,  these  fall  upon,  or  very 
close  to  the  straight  lines  connecting  the  points  on  the  axes  of 
ordinates  corresponding  to  the  vapor-tensions  of  each  of  the 
pure  liquids.  In  order  to  find  the  vapor-tension  of  any  mixture 
of  these  liquids,  all  that  is  necessary  to  do  is  to  connect  on  the 
axis  of  ordinates,  the  points  representing  the  vapor-tensions  of 
the  two  liquids  in  a  state  of  purity,  bj*^  a  straight  line,  and  where 
the  perpendicular  to  the  axis  of  abscissas  cuts  this  line,  the  value 
of  the  ordinate  corresponding  to  the  point  of  intersection  gives 

"^  This  observation  does  not  seem  to  be  confirmed  in  the  case  of  the  partial  pressure 
of  nitrobenzene  in  its  mixture  with  carbon  tetrachloride.  This  exception,  however,  I 
am  inclined  to  attribute  to  experimental  errors,  which  made  themselves  particularly 
felt  in  the  investigation  of  mixtures  of  these  two  liquids.  Indeed,  if  the  allowance  be 
made  for  the  degree  of  accuracy  which  we  have  decided  the  method  capable  of  yielding, 
it  will  be  seen  that  the  discrepancy  can  be  made  to  disappear  almost  entirely. 
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the  vapor-tension  of  the  chosen  concentration;  of  course,  par- 
tial tensions  can  be  found  in  a  similar  way.  Also,  by  the  appli- 
cation of  the  **  rule  of  mixtures,"  it  is  easy  to  calculate  the  total 
or  partial  tensions.  It  may  be  worth  while  to  remark,  in  passing, 
that  these  four  liquids,  which  we  have  put  in  a  class  by  them- 
selves, are  just  those  which  verify  by  far  the  best  the  generaliza- 
tions of  van  der  Waals ;  undoubtedly,  these  liquids  are  to  be  reck- 
oned as  in  the  highest  degree  **  norpial,**  as  their  behavior  ap- 
proaches most  nearly  that  theoretically  predicted. 

In  the  second  of  our  classes  we  find  a  different  behavior. 
When  chloroform  is  added  to  benzene  or  to  toluene,  the  total 
vapor  tension  is  less  than  that  resulting  from  the  calculation  by 
the  rule  of  mixtures ;  the  variation  reaches  a  maximum  when 
100  molecules  of  the  mixture  contain  from  fifty  to  sixty  mole- 
cules of  chloroform;  the  curve  then  tends  to  approach  the 
straight  line  connecting  the  points  on  the  axis  of  ordinates  rep- 
resenting the  vapor-tensions  of  the  pure  liquids,  practically  co- 
inciding with  it  when  the  number  of  chloroform  molecules  has 
passed  eighty.  The  depression  of  the  vapor- tension  of  chloro- 
form, caused  by  the  addition  of  either  benzene  or  toluene,  is 
linearly  proportional  to  the  concentration  only  in  solutions  con- 
taining less  than  twenty  molecules  of  either  hydrocarbon  to  ico 
molecules  of  the  mixture. 

When  we  consider  the  partial  tensions  of  these  mixtures,  we 
see  that  the  same  regularity  as  was  observed  in  the  first  class  of 
liquids  is  found  here,  but  only  for  toluene  and  benzene ;  the 
partial  tension  curve  for  chloroform  resembles  closely  in  its  con- 
tour that  for  the  total  tension  of  the  mixture.  The  departure  of 
chloroform  from  the  straight  line  is  not,  however,  very  marked. 

In  the  third  class  of  mixtures,  we  meet  with  a  different  be- 
havior. When  benzene  or  toluene  is  added  to  carbon  tetrachlo- 
ride, we  observe  that  the  curve  of  total  tension  follows  closely 
the  line  connecting  the  points  corresponding  to  the  vapor-ten- 
sions of  the  mixed  liquids  until  towards  the  abscissas  value  of 
eighty ;  the  curve  then  commences  to  fall,  only  to  rise  again, 
and  pass  above  the  straight  line,  when,  finally,  it  changes  its 
direction  to  fall  upon  the  axis  of  ordinates  at  the  point  standifig 
for  the  vapor-tension  of  the  pure  hydrocarbon,  benzene,   or 
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toluene,  as  the  case  may  be.  As  is  seen,  the  curve  has  three 
turning  points.  The  curve  of  the  partial  tension  of  the  carbon 
tetrachloride  resembles  in  every  detail,  in  each  mixture,  that  of 
the  total  tension ;  but  once  more  it  is  observed  that  the  partial 
pressure  curve  for  the  hydrocarbons  is,  so  to  say.  a  straight  line. 
It  is  truly  a  remarkable  result  that  in  the  mixtures  which  have 
such  different  total  tension  curves,  the  curve  for  these  two 
liquids  should  turn  out  so  simple.  There  is  but  little  doubt  that 
the  above  instances  are  sufficient  to  render  very  probable  the 
assumption  that  this  behavior  is  general,  and  that  in  all  binary 
mixtures  made  up  of  benzene  or  toluene,  with  any  other  volatile 
liquid  whatsoever,  the  same  normality  in  the  behavior  as  regards 
partial  vapor-tension  of  these  two  hydrocarbons  will  be  found. 
It  is  even  possible  to  go  a  step  farther,  and  claim  that,  inasmuch 
as  in  the  mixtures  of  the  first  class,  normality  of  the  partial  pres- 
sure was  found  in  the  case  of  each  component  of  the  mixture, 
this  normality  will  persist  in  mixtures  of  the  halogen  compounds 
of  benzene  with  any  other  liquids. 

The  fact  that  benzene  and  toluene  possess  ** straight  line** 
partial  pressure  curves  will  enable  us  to  get  reliable  and  import- 
ant information  as  to  the  partial  pressures  of  other  liquids  mixed 
with  either  of  the  hydrocarbons,  from  a  knowledge  of  the  total 
pressure  of  the  mixtures ;  for  all  that  is  necessary  to  do  is  to 
draw,  in  the  coordinate  system  adopted  in  this  paper,  the  total 
pressure  curve  and  a  straight  line  from  the  point,  representing, 
on  the  axis  of  ordinates,  the  vapor-tension  of  benzene  at  the 
temperature  at  which  the  determination  has  been  made,  to  the 
foot  of  the  opposite  ordinate ;  the  value  of  any  ordinate  com- 
prised between  these  two  curves  gives,  then,  the  partial  pres- 
sure, to  a  very  close  approximation,  of  the  other  component  of 
the  mixture. 

Furthermore,  it  is  apparent  that  the  partial  tensions  of  either 
chloroform  or  carbon  tetrachloride  is  the  same  when  mixed  in 
the  same  proportions  with  either  benzene  or  toluene  ;  the  sim- 
plicity of  the  behavior  of  the  latter  liquids  permits  of  the  free 
exhibition  of  the  peculiarities  in  that  of  the  former. 

The  fourth  class  of  mixtures,  of  which  the  only  representative 
here  is  the  mixture  of  nitrobenzene  and  carbon  tetrachloride, 
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does  not,  in  reality,  belong  to  our  subject  of  investigation,  which 
is  to  study  mixtures  of  volatile  liquids  only,  and  not  those  of  a 
volatile  with  an  almost  involatile  one.  Still  it  was  thought  ad- 
visable to  find  out  what  the  partial  tensions  of  mixtures  of  such 
liquids  would  be,  inasmuch  as  Raoult*  has  made  an  elaborate 
study  of  the  total  vapor-tension  of  mixtures  of  ether  and  several 
almost  non-volatile  liquids.  As  is  seen  in  the  curve,  the  partial 
pressure  of  the  carbon  tetrachloride  and  the  total  pressure  of  the 
mixture  are  almost  identical,  just  as  would  naturally  be  expected. 
The  curves  are,  if  we  regard  the  right-hand  ordinate  first,  at  the 
beginning  parallel  with  the  straight  line  connecting  the  points 
representing  the  vapor-tensions  of  the  pure  liquids ;  they  then 
turn  upwards,  reach  a  maximum  distance  from  the  straight  line 
at  about  the  abscissas  value  of  fifty,  and  then  gradually  turn 
downwards  towards  the  origin.  I  was  curious  to  see  if  this  be- 
havior was  characteristic  of  the  mixtures  of  liquids  investigated 
by  Raoult. 

Accordingly,  I  have  recalculated  his  data  so  as  to  get  them 
into  a  form  comparable  with  mine.  These  recalculated  data  are 
given  in  the  following  small  tables : 

Table  A. 

i 

P'^apor- Tensions  of  Solutions  of  Turpentine  in  Ether  at  16,2^, 
Vapor-Tension  of  Turpentine  at  16.2"^  is  four  vim,  of  Mercury. 
Vapor-Tension  of  Ether  at  16,2^  ^^  377  nnn.  of  Mercury, 

Molecules  of  turpen-  Molecules  of  turpeu- 

line  in  100  molecules     Vapor-tension  in     tine  in  100  molecules      Vapor-tension  in 
of  solution.  mm.  of  mercury.  of  solutions.  mm.  of  mercury. 


5.9 

354 

35.5 

255 

12. 1 

332 

47-9 

212 

23.4 

294 

64.5 

159 

Table  B. 

Vapor- Tension  of  Solutions  of  Nitrobenzene  in  Ether  at  16. d^. 
Vapor-Tension  of  Nitrobenzene  at  id.d^  is  four  mm,  of  Mercury. 
Vapor- Tension  of  Ether  at  16.0^  is  374  mm.  of  Mercury. 

Molecules  of  nitroben-  •  Molecules  of  nitrt)ben- 

zene  in  100  molecules      Vapor-tension  in     zene  in  100  molecules     Vapor-tension  in 
of  solution.  mm.  of  mercury.  in  solution.  mm.  of  mercury. 

6.0  353  56.2  232 

17.9  321  75-9  166 

35-5  278  84.0  132 

1  Loc.  cit. 
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Tabi^E  C. 

Vapor- Tensions  0/  Solutions  of  Aniline  in  Ether  at  13*3^* 
Vapor-Tension  of  Aniline  at  /j.j^  is  four  mm,  of  Mercury, 
Vapor-Tension  of  Ether  at  is -3^  is  364  mm,  of  Mercury, 

Molecules  of  Aniline  Molecules  of  Aniline  ^ 

in  100  molecules         Vapor-tension  in         in  100  molecules         Vapor-tension  in 
of  solution.  mm.  of  mercury.  of  solution.  mm.  of  mercury. 

3.8  349  20.5  292 

7.7  335  49-6  210 

14.8  308  68.7  147 

Table  D. 

Vapor-Tension  of  Solutions  of  Methyl  Salicylate  in  Ether  at  14.2^, 
Vapor-Tension  of  Methyl  Salicylate  at  14,2^  is  four  mm,  of  Mercury, 
Vapor-Tension  of  Ether  at  14,2^  is  306  mm,  of  Mercury, 

Molecules  of  methyl  Molecules  of  methyl 


:  in  100  mole- 

Vapor-tension  in 

salicylate  in  100 

mole- 

Vapor-tension  in 

i  solution. 

mm.  of  mercury. 

cules 

of  solution. 

mm. 

of  mercury. 

I.I 

344.6 

23.2 

281 

2.1 

343.6 

49.0 

208 

4.8 

332.0 

77.0 

125 

9.2 

316.0 

85.0 

lOI 

4.9 

296 

53.0 

9.6 

286 

75.5 

27.1 

235 

94.4 

15,1  .301.0  ••••  .... 

Table  E. 

Vapor-Tensions  of  Solutions  of  Ethyl  Benzoate  in  Ether  at  ii.f^, 
Vapor-Tension  of  Ethyl  Benzoate  at  ii.f^  is  three  mm,  of  Mercury, 
Vapor-Tension  of  Ether  at  ii,f^  is  313  mm,  of  Mercury, 

Molecules  of  ethyl  ben-  Molecules  of  ethyl  ben- 

zoate in  100  molecules    Vapor-tension  in      zoate  in  100  molecules  Vapor-tension  in 
of  solution.  mm.  of  mercury.  of  solution.  mm.  of  mercury. 

167 

94 
39 

If  these  results  be  plotted  in  a  system  of  coordinates,  the 
curves  will  be  found  to  have  a  close  resemblance  to  the  one 
which  I  have  found  for  the  mixture  of  nitrobenzene  and  carbon 
tetrachloride.  It  seems  likely  that  this  form  of  curve  is  the 
general  one  for  the  total  tension  of  mixtures  of  a  volatile  with  an 
almost  fixed  liquid. 

XII.    RELATIONS  BETWEEN  THE  CONCENTRATIONS  IN  THE 

GASEOUS  AND  LIQUID  PHASES. 

The  relations  between  the  concentration  in  the  gaseous  and 
liquid  phases  is  clearly  shown  by  curves  drawn  in  a  system  of 
coordinates,  of  which  the  axis  of  abscissas  is  taken  for  the  rep- 
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resentation  of  the  molecular  percentage  composition  of  the  liquid 
phase,  and  the  axis  of  ordinates  for  that  of  the  gaseous  phase. 
In  Fig,  V  are  drawn  these  curves,  the  data  being  taken  from 
the  first  two  columes  of  tables. 

As  is  seen,  the  curves  prove  to  be  very  regular,  and  group 
themselves  on  either  side  of  the  diagonal  of  the  square,  according 
as  the  component  chosen  to  increase  from  left  to  right  in  the  dia- 
gram is  more  or  less  volatile  than  the  other  ;  as  this  was  taken 
to  be  the  component  containing  a  halogen,  the  curve  is  below 
the  straight  line  when  the  halogen-containing  liquid  is  less 
volatile  than  the  other,  and  above,  when  it  is  more  volatile. 
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Furthermore,  the  greater  the  difference  in  the  volatility  of  the 
two  liquids  in  the  mixture  the  greater  the  curvature.  It  is  very 
probable  that  mixtures  of  two  normal  liquids  with  the  same 
vapor  tension  would  give  off  vapors  with  identical  composition 
in  both  liquid  and  gaseous  state. 

XIV.    HEAT  OF  DILUTION  AND  SOLUTION.       IDEAL  CONCEN- 
TRATED SOLUTIONS. 

KirchofP  developed  by  thermodynamic  considerations  an 
equation  showing  a  relation  betweenthe  heat  of  dilution  of  a  solu- 
tion and  its  vapor-tension.  If  we  designate  by  dQ  the  heat 
brought  into  play  when  the  small  quantity  dm  of  water  is  added 
to  the  solution,  and  if/'  represent  the  vapor- tension  of  the  solu- 
tion and  p  that  of  the  pure  solvent,  while  T  is  the  temperature 
and  R  the  gas  constant  measured  in  units  of  heat,  he  found  that 

(A)  ^  =  J?7-^^°gf 

dm  dx 

This  equation  was  more  particularly  developed  for  the  case  of 
solutions  of  fixed  substances,  and  has  in  fact  been  compared 
with  the  experiments  done  on  the  vapor-tensions  and  heat  of 
dilution  of  sulphuric  acid  dissolved  in  water.  Recently,  how- 
ever, three  quite  similar  formulas  have  been  obtained  which  ap- 
ply directly  to  the  heat  given  out  or  taken  in  when  two  liquids 
are  mixed,  and  the  corresponding  changes  of  the  elastic  forces 
of  the  vapors.  LeChatelier*  developed  for  the  case  of  a  mixture 
of  two  liquids  the  formula 

dp  .       dp'  nL.  +  n'L^+X     _ 

(B)  n-^  +  n'-p—soo '^y.,    '^    dr=0 

wherein/  and/'  are  vapor-tensions,  Z,,  and  Z,  latent  heats  of 
vaporization,  A.  the  heat  disengaged  on  mixing  «  +  «'  molecules 
of  two  liquids,  and  T  is  the  temperature.  As  is  readily  seen, 
this  formula  is  a  special  adaptation  of  Kirchoff's  formula ;  in 
reality,  they  may  be  considered  as  expressing  similar  relations. 
Nernst'  by  carrying  out  a  closed  cycle  in  the  thermodynamic 

1  Ueber  einen  Satz  der  Mechanischen  Warraetheorie  und  einige  Anwendungen  des- 
selben  :  Amm.  der  Phys.  Pogg.,  103,  177, 18815. 
s  Loc.  cii.y  281. 
*  Theor.  Chem.,  ioa-105. 
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sense  of  the  term,  in  which  semi-permeable  membranes  play  a 
conspicuous  r61e,  has  arrived  at  this  equation  : 

(C)  |2(x)=-^7'-^('«^+J^/«-5) 

in  which  j2(x)  is  the  heat  of  mixture, — equal  to  the  decrease  of 
the  internal  energy, —  R  and  Z'have  the  same  signification  as  in 
formula  (A),  p^  and  P^  are  the  vapor-tensions  of  the  pure  liquids, 
and  p  and  P  the  vapor- tensions  at  the  moment  of  mixing,  and 
X  the  number  of  molecules  of  one  component  to  one  molecule  of 
the  other.  As  is  evident,  this  formula  is  quite  similar  to  that 
of  Kirchoff,  which,  Nemst  claims,  is  but  a  special  case  of  his 
more  general  one. 

Duhem'  has,  by  the  application  of  the  thermodynamic  poten- 
tial, which  has  proven  so  fruitful  in  his  hands,  developed  the 
following  formulas,  each  of  which  is  applicable  to  the  heat 
evolved  or  absorbed  when  to  a  solution  of  two  liquids,  certain 
masses,  of  either  liquid,  d  M^  or  tfM,  are  added  : 

(D)  £L,  =i^  T'  ±.  log  Aifill, 
^    ^  '     a^Go^        dT    ^    P^  (T)    ' 

(D  bis)  EL,  =  i^  7^  j- logA  C-^;^^)  . 

^  *       a,  CO,        dT    ^   P,  {T) 

in  the  formulas  E  is  the  mechanical  equivalent  of  heat ;  Z,  and 
L,  heats  of  solution  ;  2  the  specific  volume  of  hydrogen  in  nor- 
mal conditions  of  temperature  and  pressure  ;  R  a  constant  hav- 
ing the  same  value  for  all  ideal  gases ;  ot^  and  a,  atomicities ; 
fi?,  and  G7,  molecular  masses,  J"  the  temperature  ;  p^  and  p,  the 
vapor-tensions  of  the  solutions ;  and  P^  and  P^  the  vapor-tensions 
of  pure  liquids.  It  is  at  once  apparent  that  this  equation,  if 
Duhem's  complete,  but  rather  prolix  manner  of  writing  be  suit- 
ably transformed,  is  identical  with  the  one  developed  by 
Kirchoff. 

An  important  conclusion  can  be  drawn  from  the  above  equa- 
tions, in  case  the  heat  of  solution  turns  out  to  be  equal  to  zero  ; 

then,  -—log  -^  becomes  equal  to  zero  too,  and  the  ratio  ^  is 
dT    ^  p  ^  p 

independent  of  the  temperature.     That,  in  reality,  to  a  very  close 

1  Dissolutions  et  Melanges  ;  Troisi^me  M6moire ;  Les  Melanges  Doubles  :  Travaux 
et  M^moires  des  Pacult^s  de  I^ille,  loo,  1S94. 
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approximation  such  is  the  condition  of  affairs  for  certain  dilute 
solutions  has  been  known  since  1857  ;  and  such  solutions  are 
said  to  follow  the  law  of  von  Babo,*  which  says  that  the  heat  of 
dilution  must  be  zero. 

Now  we  have  found  that  the  mixtures  of  the  first  class  at 
least,  that  is,  those  made  .up  of  benzene,  toluene,  monochlor- 
and  monobrombenzene,  have  vapor-tensions  which  are  practic- 
ally independent  of  the  temperature,  that  is,  the  fraction  -^  has 

the  same  value  for  all  temperatures.  It  follows  then  that  no 
thermal  change  should  accompany  the  act  of  mixing  of  the 
liquids  ;  their  heat  of  solution  of  dilution  is  zero.  No  experi- 
ments so  far  as  I  know,  which  can  give  evidence  as  to  the  cor- 
rectness of  this  statement,  have  been  performed  ;  but  there  can 
be  no  questioning  of  the  truth  of  the  relation  developed  and  it  is 
not  at  all  probable  that  the  determinations  of  the  vapor-tensions 
are  much  in  error. 

In  order  to  put  this  prevision  of  theory  to  the  test  of  expe- 
rience, I  have  made  a  number  of  determinations  of  the  thermal 
effect  of  mixing  liquids,  especially  those  of  the  first  class.  Two 
methods  were  employed,  that  requiring  the  use  of  a  Bunsen's  ice- 
calorimeter,  and  that  depending  upon  the  measurement  of  the 
change  of  temperature. 

The  ice-calorimeter  which  was  employed  was  of  comparatively 
large  size,  the  inner  tube  having  an  internal  bore  of  twenty  mm., 
and  a  length  of  200  mm.  within  the  outer  tube.  The  calorime- 
ter was  filled,  set  up,  and  manipulated  nearly  as  recommended 
by  Schuler  and  Wartha,  the  amount  of  mercury  absorbed  or  ex- 
pelled being  weighed. 

After  the  calorimeter  had  been  gotten  into  normal  working 
condition,  it  was  found  that  a  continuous  formation  of  ice  was 
occurring  around  the  inner  tube.  The  amount  was,  however, 
not  only  slight,  but  also  very  constant,  so  that  it  was  possible  to 
apply  an  entirely  reliable  correction  for  it. 

The  cooling  of  the  liquids  to  0°  and  their  subsequent  mixing 
was  accomplished  in  the  following  manner  :  A  thin  glass  tube 
closed  at  one  end  and  of  such  internal  diameter  as  to  permit  of 

1  Berichte  iiber  die  Verhandlungen  der  Gesellschaft  ftir  Beforderun^r  der  Naturwis- 
seuschaften  au  Freiburg  in  Brisgau.    January,  i  57,  282. 
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its  being  easily  but  snugly  slipped  into  the  inner  tube  of  the  cal- 
orimeter was  of  such  length  that  about  an  inch  of  it  projected 
out  of  the  calorimeter.  A  cylindrical  pipette,  fitting  easily  into 
the  glass  tube  just  described,  had  its  lower  orifice  directly  below 
the  bulb,  and  was  closed  b}'  means  of  a  glass  rod  running  axially 
up  through  the  pipette  and  ground  accurately  into  the  orifice  ; 
a  bit  of  rubber  tubing  was  slipped  over  the  glass  rod,  which 
could  be  pushed  down  between  the  rod  and  the  stem  of  the 
pipette,  thus  closing  the  latter  above.  The  pipette  was  held  in 
place  in  the  tube  by  means  of  a  tightly  fitting  cork. 

A  piece  of  aluminum  foil  was  for  about  two-thirds  of  its  length 
cut  into  in  several  places  along  each  side  nearly  to  the  middle, 
and  the  parts  thus  formed  were  so  bent  that,  when  the  othier 
third  of  the  foil  was  rolled  into  cylindrical  shape  and  slipped  over 
the  lower  part  of  the  bulb  of  the  pipette,  where  it  was  held  by 
its  own  elasticity,  they  formed  a  number  of  small  paddles,  those 
on  one  side  directed  upwards,  those  on  the  other  directed  down- 
wards. Such  a  stirrer  permits  of  a  rapid  and  complete  mixing  of 
liquids. 

To  make  a  determination,  a  certain  amount  of  one  liquid  is 
introduced  into  the  pipette  and  weighed  therein.  The  other 
liquid  is  weighed  in  the  tube  which  is  provided  provisionally 
with  a  cork.  The  aluminum  stirring  contrivance  is  then  slipped 
over  the  bulb  of  the  pipette,  and  the  latter  passed  into  the  tube, 
being  held  in  place  by  a  tightly  fitting  cork ;  the  pipette  is  not 
pushed  deep  enough  into  the  tube  to  have  its  orifice  dip  in  the 
mixture  of  liquids,  and  the  paddles  reach  to  the  bottom  of  the 
tube.  A  weighed  dish  of  mercury  is  allowed  to  catch  the  ex- 
pelled mercury  of  the  empty  calorimeter  for  exactly  half  an  hour 
before  the  liquids  are  introduced ;  by  this  means  the  calorimeter 
correction  just  before  the  determination  is  obtained.  After  the 
introduction  of  the  tube  and  pipette,  the  calorimeter  is  allowed 
for  a  half  hour  or  so  to  get  again  into  its  normal  state.  After 
this  has  come  to  pass,  a  fresh  dish  of  mercury  is  put  under  the 
mercury  tube,  the  cork  holding  the  pipette  is  lifted,  the  glass  rod 
is  raised  a  little,  and  the  liquid  in  the  pipette  allowed  to  run  out. 
The  pipette  is  then  tightly  closed,  and  twisted  around  for  a  half 
minute  or  so  to  thoroughly  mix  the  two  liquids.     The  cork  is 
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again  inserted  in  the  tube,  and  the  whole  left  for  exactly  half  an 
hour.  At  the  expiration  of  that  time,  the  mercury  vessels  are 
changed,  and  the  calorimeter  left  to  itself  for  another  half  hour, 
when  the  mercury  vessels  are  again  changed,  and  the  tube 
and  pipette  removed.  The  pipette  is  again  weighed,  and  the  dif- 
ference between  the  two  weights  gives  the  amount  of  liquid.  The 
amount  of  mercury  expelled  from  the  apparatus  during  the  last 
half  hour  should,  if  the  thermal  equilibrium,  disturbed  by  the 
heat  evolved  or  absorbed  by  the  mixture  of  the  liquids,  has  rees- 
tablished itself,  and  if  no  change  in  the  velocity  of  the  freezing 
of  the  water  itself  has  supervened,  be  equal  to  the  amount  ex- 
pelled in  the  first  half  hour ;  in  other  words,  the  corrections  in 
each  case  should  be  equal.  This  I  found  to  be  invariably  the 
case.  The  heat  effect  of  the  mixing  of  the  liquids  is  accordingly 
to  be  obtained  from  the  excess  or  deficit  of  the  amount  of  mer- 
cury expelled  or  absorbed  in  the  next  to  the  last  half  hour  com- 
pared with  that  expelled  during  the  first  and  the  last  half  hours. 
This  difference  divided  by  0.01544  gives  the  number  of  lesser 
calories  measuring  the  heat  effect  of  the  mixing  of  the  liquids. 

By  a  most  scrupulous  attention  to  details  in  manipulation  and 
to  observance  of  time,  as  well  as  to  care  in  weighing,  I  think  that 
the  determinations  are  exact  to  one-tenth  calorie,  and  even  to 
less  than  that. 

I  give  in  the  following  experiments  the  data  obtained  in  the 
determination  of  the  thermal  effect  of  mixing  such  liquids  as 
have  been  found  in  the  foregoing  pages  to  vShow  the  simplest  be- 
havior, and  have  hence  been  grouped  into  the  first  class.  The 
negative  sign  before  a  datum  is  indicative  of  an  absorption  of 
heat,  and  consequent  formation  of  ice  and  expulsion  of  mercury, 
while  the  positive  sign  indicates  an  evolution  of  heat  etc. 

Experiment  z. — Heat  effect  of  mixing  chlorbenzene  and  tol- 
uene : 

Chlorbenzene 3.0028  grams. 

Toluene 4*3032       " 

Calorimeter  correction  in  weight  of  mercury — 0.0013      " 

Weight  of  mercury  moved —0.0018      ** 

**       '*        '*             "     due  to  mixing  of  liquids  —0.0005       ** 
Thermal  effect  measured  in  lesser  calories —0.032        " 


706  C.    E.    LINEBARGER.      ON   THE   VAPOR-TENSIONS 

Experiment  2, — Heat  effect  of  mixing  chlorbenzene  and  tol- 
uene : 

Chlorbenzene 3-7715  grams. 

Toluene 4.2190        ** 

Calorimeter  correction  in  weight  of  mercury — 0.0014        ** 

Weight  of  mercury  moved —0.0020        *' 

**       **        **             "      due  to  mixing  of  liquids— 0.0006        ** 
Thermal  effect  measured  in  lesser  calories -"0«033         " 

Experiment  ^, — Heat  effect  of  mixing  brombenzene  and  tol- 
uene : 

Brombenzene 4-9530  grams. 

Toluene 4.368b        " 

Calorimeter  correction  in  weight  of  mercury — :0.ooo9        ** 

Weight  of  mercury  moved —0.0020        ** 

"       **        **               **     due  to  mixing  of  liquids— o.ooi  I        ** 
Tlbermal  effect  measured  in  lesser  calories —0.072  " 

Experiment  4, — Heat  effect  of  mixing  brombenzene  and  tol- 
uene : 

Brom'benzene 1.1611  grams. 

Toluene 73887        *' 

Calorimeter  correction  in  weight  of  mercury — o.ooio       '* 

Weight  of  mercury  moved — 0.0005        " 

"       "         "            "      due  to  mixing  of  liquids+o.ooos        ** 
Thermal  effect  measured  in  lesser  calories -1-0.032  ** 

Inasmuch  as  benzene  solidifies  at  a  temperature  somewhat 
above  that  of  melting  ice,  was  not  possible  to  carry  out  deter- 
minations in  the  ice-calorimeter  with  it  in  the  pure  state ;  ac- 
cordingly I  prepared  a  mixture  containing  97.37  per  cent,  ben- 
zene and  2.63  per  cent,  chlorbenzene,  which  was  used  in  exper- 
iment five. 

Experiment^, — Heat  effect  of  mixing  benzene  and  chlorben- 
zene: 

Mixture  of  benzene  and  chlorbenzene 3.0208  grams. 

Chlorbenzene 6.3470        ** 

Calorimeter  correction  in  weight  of  mercury.  • . . . — 0.0013        ** 

Weight  of  mercury  moved  — 0.0030        ** 

'•       *'          **            *'      due  to  mixing  of  liquids— 0.0017        *' 
Thermal  effect  measured  in  lesser  calories — o.ioi  *' 

An  inspection  of  the  above  data  shows  that  none  of  the  heat 
effects  is  much  above  the  limit  of  accuracy  of  which  the  method 
was  judged  capable.  It  was  deemed  w^orth  while,  however,  to 
make  some  determinations  of  the  heat  effects  brought  about  by 
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mixing  liquids  by  means  of  thermometric  measurements,  especially 
for  mixtures  of  benzene  and  other  liquids,  as  benzene  in  the  pure 
state  could  not  be  used  in  the  ice-calorimeter.  The  apparatus 
used,  although  simple,  is  capable  of  telling  with  considerable  ac- 
curacy whether  there  occurs  a  change  in  temperature  when  two 
liquids  are  mixed.  It  consisted  of  a  large  U  tube,  in  one  branch 
of  which  was  fitted  a  thermometer  graduated  in  hundredths  of  a 
degree,  such  as  described  by  Beckmann,*  and  recommended  for 
cryoscopic  and  ebullioscopic  work,  and  in  the  other  a  pipette 
similar  to  the  one  described  above  in  connection  with  the  ice- 
calorimeter.  The  U  tube  had  a  very  narrow  side  tube  towards 
the  top  of  one  branch,  which  when  stopped  with  cotton  wool 
permitted  the  egress  of  air  without  any  evaporation  of  the  liquids 
in  the  large  tube  to  speak  of.  The  stirrer  employed  was  similar 
to  the  one  used  with  the  pipette  in  the  ice-calorimeter. 

A  weighed  quantity  of  one  liquid  was  put  into  the  U  tube,  and 
a  quantity  of  the  other  liquid  was  weighed  in  the  pipette.  The 
thermometer  and  pipette  were  put  in  the  tube  tightly  by  means 
of  good  corks,  the  whole  apparatus  supported  on  a  retort  stand, 
and  wrapped  snugly  with  a  thick  layer  of  cotton  wool.  The  ap- 
paratus was  then  set  in  a  room  the  temperature  of  which  could 
be  easily  kept  within  twenty-five  to  thirty  degrees  C.  for  several 
hours.  By  working  at  this  rather  high  temperature,  the  dis- 
turbing effect  due  to  the  proximity  of  the  person  of  the  operator 
was  considerably  lessened.  When  the  apparatus  had  remained 
in  the  room  for  a  couple  of  hours,  the  thermometer  was  read  off 
at  intervals  of  a  minute  for  ten  minutes,  the  contents  of  the 
pipette  made  to  flow  into  the  1)  tube,  the  two  liquids  were  mixed 
as  rapidly  as  possible  by  a  twirling  and  up  and  down  motion  of 
the  pipette,  around  which  was  clasped  the  aluminum  stirrer, 
and  then  the  temperature  was  read  off  at  each  minute  for  ten 
minutes  longer.  The  pipette  was  then  again  weighed  so  as  to 
get  the  actual  amount  of  the  liquid  discharged  by  it,  since  it 
never  occurred  that  it  emptied  itself  completely. 

The  experiments  carried  out  by  means  of  this  thermochemical 
apparatus  limit  themselves  to  mixtures  of  benzene  with  mono- 
chlorbenzene  and  with  chloroform.     They,  together  with  those 

1  Ztschr,  phys.  Chem. ,  2,  644, 1888. 
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carried  out  with  the  ice-calorimeter,  are  perhaps  sufficient  to 
serve  as  experimental  corroboration  of  the  theoretical  relations 
between  heat  of  solution  and  vapor-tension. 

It  is  perhaps  best  to  append  the  whole  series  of  determinations 
in  order  that  the  reader  may  judge  for  himself  of  the  accuracy  of 
the  results. 

Change  of  Temperature  on  Mixing  Four  Grams  Monochlorben- 

ZENE  AND  26.524  Grams  Benzene. 


Before  mixing:. 

After 

mixingr. 

Minutes. 

Thermometer  readings. 

Minutes. 

Thermometer  readings. 

I 

2.242° 

II 

2.339° 

2 

2.258° 

12 

2.348° 

3 

2.272° 

13 

2.369° 

4 

2.291° 

14 

2.381° 

5 

2.307° 

15 

2.388° 

6 

2.318° 

16 

2.390° 

7 

2.330*^ 

17 

2.396° 

8 

2.344° 

18 

2.394° 

9 

2-352° 

19 

2.388° 

10 

2.365° 

20 

2.380° 

Change  of  Temperature  on  Mixing  6.55  Grams  Monochlorbenzene 

AND  17.54  Grams  Benzene. 


Before  mixing. 
Minutes.    Thermometer  readings. 


After  mixing. 
Minutes.       Thermometer  readings. 


I 

2.591- 

II 

2.709- 

2 

2.603° 

12 

2.751° 

3 

2.618P 

13 

2.803° 

4 

2.622° 

14 

2.820° 

5 

2.630° 

15 

2.829° 

6 

2.638° 

16 

2.838° 

7 

2.641° 

17 

2.8*7° 

8 

2.649° 

18 

2.853° 

9 

2.651° 

19 

2.861° 

10 

2.655° 

20 

2.872° 

Change  of  Temperature  on  Mixing 

10.86  Grams  Monochi^orben- 

ZENE  AND  7.31  Grams  Benzene. 

Before  mixing. 

Aftei- 

mixing. 

Minutes. 

Thermometer  readings.       Minutes. 

Thermometer  readings. 

I 

1.830° 

II 

1.421° 

2 

1.803° 

12 

1.400° 

3 

1.790° 

13 

1.395° 

4 

1.775° 

14 

1.372° 

5 

1.762° 

15 

1.370° 

6 

1.760° 

16 

1.420° 

7 

1.761° 

17 

1.435° 

8 

1.733° 

18 

1.450° 

9 

1.710° 

19 

1.445° 

10 

1.691° 

20 

1.438° 
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Changs  op  Temperature  on  Mixing  12.81  Grams  Chu>roporm  and 

11.87  Grams  Benzsne. 


Before  mixing. 

After  mixing. 

Minutes. 

Thermometer  readings. 

Minutes. 

Thermometer  readings. 

I 

1.489° 

II 

3.316° 

2 

1.520° 

12 

3.348° 

3 

1.531° 

13 

3.321° 

4 

1.540° 

14 

3.280° 

5 

1.561° 

15 

3.262° 

6 

1.573° 

16 

3.236° 

7 

1.582° 

17 

3.186° 

8 

1.608^ 

18 

3.160° 

9 

1.621*^ 

19 

3.138° 

10 

1.632^ 

20 

3-132° 

It  is  apparent  from  these  results  that  the  change  of  tempera- 
ture when  benzene  and  monochlorbenzene^re  mixed  does  not  ex- 
ceed but  a  few  hundreths  of  a  degree,  and  even  when  the  relative 
amounts  of  the  liquids  are  about  the  same  the  change  is  in  one 
case  positive,  in  another  negative,  so  that  it  is  perhaps  legiti- 
mate to  judge  that  the  change  of  temperature  is  largely  due  to 
the  probability  that  the  two  liquids  are  at  slightly  different  tem- 
peratures to  begin  with,  and  that  in  reality  no  or  but  an  exceed- 
ingly slight  heat  effect  occurs  when  these  two  liquids  are  mixed. 

In  the  mixing  of  benzene  and  chloroform,  however,  there  is 
a  considerable  rise  of  temperature,  as  indeed  might  be  expected, 
since  mixtures  of  chloroform  and  benzene  do  not  in  their  vapor- 
tensions  present  the  simplest  phenomena.  I  have  experimented 
with  several  other  mixtures  of  liquids  not  belonging  to  the  first 
class,  especially  with  the  ice-calorimetric  method,  and  have 
found  that  they  present  certain  abnormalities,  some  absorbing 
heat,  and  some  evolving  heat ;  these  determinations,  together 
with  certain  theoretical  considerations,  will  form  the  substance  of 
a  subsequent  paper. 

Considering  the  above  experiments  as  a  whole,  we  may  con- 
clude that  they  are  in  entire  corroboration  of  the  formulas  (A), 
(B),  (C),  and  (D). 

Nemst'  found  by  the  comparison  of  the  theoretical  conclusions 
with  certain  experimental  data  that  the  maximum  of  work,  ob- 

t  Ueber  die  mit  der  Vermischung  Konzentrirter  LSsungen  verbundene  Aenderung  der 
f  reien  Energie  :  Sonderabdiuck  aus  Nr.  12  der  Nachrichten  von  de  Kdniglichen  gesell- 
schaft  der  Wissenschaften  zu  Gdttingen.  v.  J.,  1892. 
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tainable  by  mixing  two  concentrated  solutions  with  the  same 
solvent,  is  '* often**  equal  to  the  concurrent  thermal  change. 

He  then  proposes  to  call  '  *  a  homogeneous  mixture  of  two 
substances,  of  which  the  maximum  of  work  which  can  be  ob- 
tained b}''  a  change  of  its  composition,  is  measured  by  the  con- 
comitant thermal  phenomena,"  an  ** ideal  concentrated  solu- 
tion.** 

The  contrast  between  **  ideal  dilute  solutions**  and  **  ideal 
concentrated  solutions**  is  best  shown  by  a  consideration  of  the 
equation  which  rules  over  all  Nature*s  happenings ;  this, 
according  to  Helmholtz,'  is 

F—Qz=lT      ^ 


6T 

wherein  F  represents  the  decrease  in  the  **free  energy**  (freie 
Energie)  ;  j2  that  of  the  '*  total  energy'*  (Gesamtenergie),  and 
7"  the  initial  and  final  temperature,  assumed  to  be  the  same  in 
the  operation  under  consideration.  The  characteristic  of  the 
**  ideal  dilute  solutions**  is  that  Q=^o  and  that  of  the**  ideal 
concentrated  solutions'*  is  that  F^  Q, 

My  object  in  mentioning  these  acute  distinctions  by  Nernst  is 
to  call  attention  to  the  fact  that  there  are  certain  combinations 
of  substances  (liquids)  which,  when  mixed,  develop  no  or  very 
little  heat,  no  matter  what  the  relative  proportions  may  be  ;  that 
is,  there  exist  **  ideal  dilute  solutions**  which  may  have  any 
composition  whatsoever,  or,  in  other  words,  concentrated  solu- 
tions may  often  follow  the  laws  supposed  to  belong  exclusively 
to  dilute  solutions.  It  is  questionable,  then,  whether  the  notion 
of  **  ideal  concentrated  solutions'*  is  necessary  in  science. 

15.   VAPOR-TENSIONS  OF  MIXTURES  OF  ACETIC   ACID  WITH  BEN- 
ZENE AND  WITH  TOLUENE. 

Two  series  of  determinations  were  carried  out  on  the  mixtures 
of  benzene  and  acetic  acid,  one  at  35''  and  one  at  20",  but  one, 
however,  for  the  mixtures  of  toluene  and  acetic  acid,  at  35**. 
In  order  to  apply  to  the  experimental  results  of  the  work,  our 
mode  of  calculation  of  the  vapor- tensions,  it  is  necessary  to  know 
the  molecular  mass  of  gaseous  acetic  acid  at  the  above  two  tem- 
peratures.    Now  acetic  acid  even  in  the  vaporous  condition  is 

1  Zur  Thermodynamik   chemischer   Vorgange.     Sitzungs-Berichte    der  Berliner 
Akedemie,  22, 1882. 
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made  up  in  part  of  polymerized  molecules,  so  that  it  is  not  legiti- 
mate to  set  its  molecular  mass  equal  to  that  corresponding  to  the 
formula  CgH^O,.  What  the  actual  molecular  mass  of  the  gas- 
eous acid  at  35''  and  20°  is,  can  be  easily  calculated  by  the  aid 
of  the  vapor-density  determinations  of  Bineau*  which  are  the 
more  applicable  to  the  case  in  hand  as  his  vapor-density  meas- 
urements were  made  under  the  same  conditions  as  my  vapor- 
tension  determinations  ;  that  is  to  say,  Bineau  measured  the 
amount  of  acetic  acid  that  diffused  into  a  definite  volume  of  air 
at  a  fixed  temperature.  The  molecular  mass  of  acetic  acid  as 
deduced  from  Bineau's  observations,  is  104  for  ^s""  and  no  for 
20"*.  It  may  be  worth  while  to  remark  that  an  error  of  five  in 
the  molecular  mass  will  not  entail  an  error  of  one  millimeter  in 
the  vapor-tension  :  we  may  with  all  confidence  then  adopt  the 
above  molecular  masses  of  acetic  acid  in  state  of  vapor  as  quite 
accurate. 

The  necessary  data  of  the  experiments  are  given  in  tables  XI 
to  XIII,  the  superscription  to  each  vertical  column  renders  an}' 
explanation  of  them  here  superfluous. 

TABLfe  XI. 
Vapor-Tensions  of  Mixtures  of  Benzene  and  Acetic  Acid  at  3^. 
Vapor-Tension  of  Benzene  at  3^  is  146  mm.  of  Mercury, 
Vapor-Tension  of  Acetic  Acid  at  s^  is  26. s  mm.  of  Mercury. 


Per  cent. 

of  CjH-O^ 

in  liquid 

mixture. 

Per  cent 
of  CaH^O.^ 
in 

graseous 
mixture. 

Grams 
C,H,0, 
in  va- 
por. 

Grams 
C.H. 
in  va-    < 
per. 

Tension 

of  CaH^Oj 

in  mm. 

Tension 
of  C.H. 
in  mm. 

Volume 

of  air 

'in  mm. 

Barom-  Inter- 
eter        nal 
in     pressure 
mm.    in  mm. 

6.44 

2.45 

0.0461 

1.3759 

3-5 

140.0 

1955 

758 

14 

15.17 

4.74 

0.0834 

1.3580 

6.4 

129.2 

1958 

758 

15 

37.10 

8.25 

0.0700 

1.5840 

10.5 

II7.0 

1020 

767 

16 

43.99 

11.02 

0.0867 

0.5243 

13.2 

106.5 

IOI9 

766 

16 

49.86 

12.26 

0.0931 

0.4849 

14.0 

103. 1 

1020 

766 

17 

53.24 

13.33 

0.0969 

0.4731 

14.9 

97.6 

1020 

766 

17 

54.65 

13-82 

0.0990 

0.4630 

15.3    . 

97.3 

1020 

766 

17 

56.60 

14.62 

0.1063 

0.4677 

16.4 

96.0 

1020 

766 

17 

73.87 

20.18 

0.1156 

0.4585 

18.4 

72.7 

1019 

766 

16 

80.00 

26.91 

O.I351 

0.2751 

22.3 

59.3 

1020 

766 

17 

Table  XII. 
Vapor- Tensions  of  Mixtures  of  Benzene  and  Acetic  Acid  at  20^. 
Vapor-Tension  of  Benzene  at  20"  is  7^.6  mm.  of  Merairy. 
Vapor-Tension  of  Acetic  Acid  at  20'  is  ir.y  mm.  of  Mercury, 

1  Recherches  sur  les  Relations  des  Densit6s  des    Vapeur    avec   les  J^quivalent 
Chimiques  :  Ann.  chim.  phys.,  x8,  236, 1846. 
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Grams  Barom-  Inter« 

CiiHa       Tension   Tension  Volume  eter        nal 

in  va-     of  C9H40a  of  CsH«  of  air  in    pressure 

por.        in  mm.     in  mm.  in  cc.  mm.    in  mm. 

0.2291        6.6        48.7        1018        760        16 

0.2100         9.1  33.0         IO18         760         16 

0.0276       11*4  6.2         1018        760         16 

Table  XIII. 
Vapor-  Tensions  oj  Mixtures  of  Toluene  and  Acetic  Acid  at  jj*. 
Vapor-Tension  of  Toluene  at  3$*  ^^  47*2  mm.  of  Mercury, 
Vapor-Tension  of  Acetic  Acid  at  ss'  is  26,$  mm,  of  Mercury, 


Per  cent, 
of  C^H40s 
in  liquid 
mixture. 

Per  cent, 
of  CatlfO, 
in  gase- 
ous 
mixture. 

Grams 
C,H40, 
in  va- 
por. 

53.24 

11.99 

0.0440 

80.00 

21.97 

0.0576 

97.28 

64.66 

0.0674 

Per  cent. 

of  C9H4O, 

in  liquid 
mixture. 

Per  cent, 
of  CaH^O, 
in  gase-    ' 

ous 
mixture. 

Grams 
CaH^O, 
in  va- 
por. 

Grams 
C,He 

in  va- 
por. 

Tension   Tension 

of  CaH^O,  of  CtHb 

in  mm.     in  mm. 

Volume 
of  air 
in  cc. 

Barom-   Inter- 
eter        nal 

in   pressure 
mm.   in  mm. 

49.00 

32.66 

0.091 1 

O.I  661 

15.0         31.8 

1020 

760         18 

60.88 

37.91 

0.1025 

0.1485 

17.4          28.5 

1020 

760          18 

83.37 

56.36 

0.1252 

0.0858 

22.2           16.7 

1020 

760          18 

From  the  above  data  curves  were  constructed  on  a  large  scale 
with  percentages  of  composition  as  abscissas  and  vapor-tensions 
as  ordinates  (one  inch  on  the  axis  of  abscissas  corresponded  to 
five  per  cent. ;  one  inch  on  axis  of  ordinates  to  ten  mm.  of  pres- 
sure); these  proved  to  be  perfectly  regular,  and  passed  directly 
through  most  of  the  points. 

The  points  for  acetic  acid  either  fell  upon  or  very  close  to  the 
straight  line  connecting  the  left  hand  origin  of  the  coordinate 
system  with  the  point  on  the  right  hand  axis  of  ordinates  corres- 
ponding to  the  value  of  the  vapor-tension  of  pure  acetic  acid  at 
the  temperature  in  question,  viz,\  26.5  for  35'',  and  11.7  for 
20°,  the  acetic  acid  vapor- tension  curve  is  simply  a  straight 
line,  then,  when  the  composition  is  expressed  in  percentages. 
An  interesting  conclusion  to  be  drawn  from  this  fact  is  that  the 
partial  tension  of  acetic  acid  is  the  same,  be  it  mixed  with  ben- 
zene or  with  toluene ;  the  specific  influence  of  the  diluting  liquid 
seems  to  be  extremely  slight;  if,  indeed,  there  is  any  at  all. 
This  circumstance  also  indicates  that  the  molecular  condition 
of  the  acid  is  the  same  when  it  is  dissolved  in  either  of  the 
hydrocarbons  so  as  to  form  solutions  of  the  same  strength ;  this 
insight  into  the  molecular  structure  of  acetic  acid  enables  us  to 
determine  by  a  little  calculation  its  molecular  mass  not  only  in 
the  dissolved  but  also  in  the  pure  state.  In  the  following  section 
will  be  set  forth  the  modus  operandi. 
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From  the  curves  drawn  as  just  described  above,  the  partial 

pressures  of  the  various  constituents  of  the  mixtures  were  taken 

for  concentrations  corresponding  to  ten,  twenty,  thirty, 

ninety  per  cent,  of  acetic  acid ;  the  data  thus  obtained  are  given 

in  Table  XIV. 

Tablr  XIV. 
Partial  Pressures  0/  Benzene ^  Acetic  Acid,  and  Toluene, 


Per  cent, 
of  C«H«0, 

liquid 
mixture. 

Partial 

pressure 

of  C«H«  at 

35*  in 

mm. 

Partial 

pressure 

of  C,HfO,  at 

35' m 

mm. 

Partial 

pressure 

of  C^Hh  at 

35  in 

ram. 

Partial 

pressure 

of  C.H.  at 

30^  in 

mm. 

Partial 
pressure 
of  C,H.Oa  at 
30°  in 
mm. 

10 

138.4 

2.8 

44.5 

71.4 

1.2 

20 

130.9 

5.6 

41.6 

67.5 

2.3 

30 

122.2 

8.2 

38.6 

63.1 

3-5 

40 

II2.6 

II. I 

35.0 

58.2 

4.8 

50 

102.4 

13-6 

31.9 

53.2 

6.0 

60 

90.7 

16.2 

27.8 

47.1 

7-2 

70 

76.7 

19.1 

23.1 

40.1 

8.4 

80 

59.1 

21.7 

18.4 

31. 1 

9.6 

90 

35.1 

24.2 

II. I 

18.5 

10.7 

16.  THE  MOLECULAR  MASS  OF  LIQUID  ACETIC  ACID  AND  A  GEN- 
ERAL METHOD  OF  DETERMINING  MOLECULAR  MASSES  OF 
LIQUIDS. 

The  data  given  in  the  preceding  section  on  the  vapor-tensions 
of  mixtures  of  acetic  acid  and  benzene,  taken  in  connection 
with  the  fact  that  the  partial  tension  of  benzene  in  its  so- 
lutions is  directly  proportional  to  its  concentration,  permit  of  de- 
termining the  molecular  mass  of  the  acid  when  diluted  to  any 
degree  whatsoever  with  the  hydroca.rbon ;  and  this  special  case 
mky  be  generalized  so  as  to  permit  of  universal  application. 
Furthermore,  if  the  molecular  mass  of  a  substance  be  known  in 
solutions  of  every  degree  of  concentration,  it  is  possible  by  a  little 
extrapolation  to  pass  over  to  the  molecular  mass  of  the  pure 
liquid.  It  is,  of  course,  assumed  in  making  such  an  extrapola- 
tion that  no  break  occurs  in  the  continuity  of  the  phenomenon, 
that  is,  the  addition  of  very  small  quantities  of  a  normal  liquid 
to  an  associated  one  occasions  correspondingly  small  changes  in 
the  degree  of  complexity  of  the  molecules  of  the  latter. 

The  way  in  which  I  have  gone  about  to  get  at  the  molecular 
mass  of  acetic  acid  in  benzene  and  toluene  solution  is  as  follows  : 

In  a  system  of  coordinates,  molecular  masses  of  acetic  acid 
from  o  to  100  were  laid  off  on  the  axis  of  abscissas  (twenty  inches* 
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long) ,  and  on  the  axis  of  ordinates,  the  vapor-tensions  were  taken 
from  o  to  150  mm.  of  mercury  (fifteen  inches  long).  A  straight 
line  was  drawn  from  the  point  100  on  the  axis  of  abscissas  and  o 
on  the  right-hand  axis  of  ordinates  to  the  point  o  on  the  axis  of 
abscissas  and  146  (benzene  at  35**),  75.6  (benzene  at  20°),  and 
47.2  (toluene  at  35°).  Upon  this  straight  line  must  lie  all  the 
points  corresponding  to  the  partial  tensions  of  benzene  or  toluene 
dissolved  in  acetic  acid.  So  points  were  marked  along  it  giving 
the  value  of  the  partial  tensions  of  benzene  and  toluene  in  solu- 
tions containing  ten,  twenty,  thirty,  etc.,  percent,  of  acetic  acid, 
the  data  being  taken  from  table  XIV. 

The  value  of  the  abscissas  which  these  points  determine  give 
the  number  of  molecules  of  acetic  acid  contained  in  106  mole- 
cules of  the  mixture.  All  that  has  to  be  done  now  is  to  solve  for 
every  case  this  problem :  Given  a  mixture  containing  m  parts  of 
i  liquid  A^  having  a  molecular  mass  ^,  andw  parts  of  a  liquid^, 
having  a  molecular  mass  y ;  the  mixture  is  made  up  of  r  mole- 
cules of  A^  and  s  molecules  of  B.  What  is  the  value  of  x  in  the 
terms  oiy^  m^  n,  r,  and  5? 

In  the  case  before  us,  we  will  take  acetic  acid  for  the  liquid  Ay 
and  benzene,  or  toluene  as  the  case  may  be,  for  B ;  then  n  is  equal 
to  {100— nt),  and  s  to  (100 — r). 

It  is  easily  found  that  the  solution  of  our  problem  is 

msy  m(ioo — r)y 

rn  (100 — m)r 

In  the  accompanying  tables,  XV,  XVI,  and  XVII,  the  values 
of  #«,  r,  and  x,  are  given. 

Tabi,e  XV. 
Molecular  Mass  of  Acetic  Acid  dissolved  in  Benzene  at  3$^, 

Percent.  C9H4OS  in  Molecules  CjiH^O,  in  100  Molecular  mass  of 

liquid  mixture.  molecules  of  liquid  mixture.  acetic  acid. 

lO  5.2  158 

20  10.6  164 

30  16.6  167 

40  23.1  173 

50  30.0  182 

60  37.7  193 

7P  47.2  203 

80  -                        59.3  213 

90  75-6  227 

100  loo.o  240 
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Table  XVI. 

Molecular  Mass  of  Acetic  Add  dissolved  in  Benzetie  at  20^ 

10                                       5-1  ^^' 

20                                      10.5  166 

30                                     16.2  172 

40                                     22.6  177 

50                                     29.6  186 

60                                      37-2  198 

70                                      46.7  208 

80                                      58.7  218 

90                                       75-2  231 

100                                     loo.o  244 

TABI.K  XVII. 

Molecular  Mass  of  Acetic  Acid  dissolved  in  Toluene  at  J5°. 


Per  cent,  of  C9H4OS  in 

Molecules  C^H^Oj 

tin 

100 

Molecular  mass  of 

liquid  mixture. 

molecules  of  liquid 

mixture. 

acetic  acid. 

10 

6.1 

159 

20 

12.4 

163 

30 

19.0 

168 

40 

26.5 

170 

SO 

32.8 

188 

60 

41.3 

196 

70 

51.2 

204 

80 

61.1 

213 

90 

78.4 

228 

100 

lOO.O 

240 

Considering  tables  XV  and  XVII  first,  we  see  that  the  values 
of  X  are  approximately  the  same,  the  molecular  mass  of  the  acid 
becoming  less  and  less  as  it  is  more  and  more  diluted  with  ben- 
zene or  toluene.  It  is  remarkable  that  these  two  series  of  values 
for  X  fall  out  so  nearly  the  same,  for  in  the  mixture  pf  toluene 
and  acetic  acid,  the  differences  of  their  vapor-tensions  is  so  slight 
that  the  line  of  partial  pressures  of  toluene  is  nearly  horizontal, 
and  an  error  of  one  millimeter  in  the  determination  of  the  partial 
pressure  may  occasion  an  error  of  four  units  in  the  molecular 
concentration;  in  the  mixture  of  benzene  and  acid,  however, 
the  error  arising  from  this  source  is  not  more  than  three-tenths 
of  a  unit,  the  angle  made  by  the  line  of  partial  pressures  being 
considerably  greater  than  in  the  case  of  the  other  mixture. 

For  the  determinations  carried  out  at  20°  on  the  mixture  of 
benzene  and  acetic  acid,  it  is  seen  that  the  number  of  molecules 
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of  acid  is  less,  and  hence  their  molecular  mass  is  greater,  than 
when  the  determinations  were  carried  out  at  35**.  This  is  just 
what  is  to  be  expected  for  the  lowering  of  temperature  has  been 
found  to  be  invariably  accompanied  by  an  increase  in  the  con- 
densation of  the  molecule. 

I  have  sketched  the  curves  corresponding  to  the  values  of  fn 
and  X  given  in  the  foregoing  tables,  in  a  system  of  coordinates 
with  percentage  composition  as  axis  of  abscissas  and  molecular 
masses  as  axis  of  ordinates. 

The  curves  for  the  mixture  of  acetic  acid  and  benzene  at  35** 
practically  coincides  with  that  of  the  mixture  of  acetic  acid  and 
toluene  at  35**,  while  the  curve  for  the  mixture  of  benzene  and 
acetic  acid  at  20®  is  parallel  and  slightly  above  the  other  two. 
The  curves  are  perfectly  regular  in  form,  and  if  prolonged  to  cut 
the  right-hand  axis  of  ordinates  cannot  give  values  varying  by 
more  than  one  unit;  accordingly  it  may  be  claimed  that  the 
point  where  the  axis  of  ordinates  is  cut  by  the  extrapolated  curve 
gives  to  about  one  unit  the  molecular  mass  of  acetic  acid  in  the 
liquid  state  at  the  temperature  taken  for  the  determinations. 
The  results  of  my  extrapolations  gives  as  the  molecular  mass  of 
liquid  acetic  acid  at  35"*,  240,  and,  at  20°,  244. 

It  is  interesting  to  compare  these 'results  with  those  obtained 
by  Ramsay  and  Shields.'  These  investigators  found  by  the  de- 
termination of  the  superficial  tension  of  acetic  acid  that  its  mo- 
lecular mass  between  the  temperature  limits,  16**  and  46**,  was 
equal  to  217.2  (60  X  3.62);  although  this  result  leaves  room  for 
considerable  uncertainty  as  to  what  the  molecular  mass  of  the 
acid  is  at  any  given  temperature  between  these  limits,  it  is  in 
corroboration  of  my  results ;  for,  as  has  been  well  established, 
the  degree  of  association  in  the  molecules  of  a  complex  liquid  is 
greater  the  lower  the  temperature,  and  my  results  pertain  to  tem- 
peratures which  are  lower  or  about  the  same  as  the  mean  of  the 
two  extreme  temperatures  given  by  the  two  English  chemists. 

The  method  of  determining  the  molecular  masses  of  liquids 
described  in  this  section  is  the  only  one  as  yet  devised,  which 
permits  of  the  determination  at  any  given  temperature  of  the 
mass  of  the  molecule. 

1  Ueber  die  Molekulargevrichte  der  Pliisftigkeiten.    Ztschr.  phys.  Ckem.^  la,  470, 189^. 
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It  is  founded  on  empirical  results  and  depends  upon  no  hypoth- 
esis other  than  the  universally  recognized  one  of  Avogadro.  It 
is  applicable  to  all  cases  where  the  substances  under  examina- 
tion can  be  accurately  analyzed.  It  calls  for  no  special  appara- 
tus, even  a  modest  laboratory  being  provided  with  the  necessary 
pieces.  It  requires  no  great  amount  of  manipulative  skill,  and 
the  results  are  obtained  in  relatively  short  time.  I  hope  that  it 
will  be  rigidly  tested  by  chemists,  and  any  omissions  of  this  mere 
sketch  be  supplied. 

RESUMfe. 

The  main  results  of  this  article  may  be  summed  up  as  follows : 

1 .  A  method  of  determining  the  partial  pressures  of  mixtures 
of  liquids  has  been  elaborated,  and  its  sources  of  error  discussed. 

2.  Although  the  method  can  be  said  to  give  the  vapor- tensions 
of  pure  liquids  with  an  accuracy  equal  to  that  obtainable  by  the 
best  of  other  methods  only  when  the  liquids  are  not  very  vola- 
tile, the  results  obtained  by  it  for  mixtures  of  liquids  of  not  too 
different  volatilities  are  accurate  enough  to  ser\'^e  as  the  experi- 
mental basis  for  theoretical  deductions  and  generalizations. 

3.  A  number  of  mixtures  of  representative  liquids  have  been 
investigated  as  regards  their  vapor-tensions. 

4.  In  some  cases,  extremely  simple  relations  were  found ;  in 
others,  certain  complexities  presented  themselves. 

5.  A  recalculation  of  Regnault's  determinations  of  the  vapor- 
tensions  of  some  mixtures  of  normal  liquids  as  well  as  a  consid- 
eration of  Raoult's  conclusions  and  Brown*s  work  on  the  boiling- 
points  of  solution  showed  that  it  was  permissible  to  apply  what 
was  found  true  for  any  one  temperature  to  any  other. 

6.  The  relations  between  the  concentrations  in  the  gaseous  and 
liquid  phases  were  found  to  be  quite  simple  and  entirel)'  in  ac- 
cordance with  the  provisions  of  the  theoretical  relations  estab- 
lished by  Planck  and  Nernst. 

7.  The  changes  of  temperature  occurring  when  certain  liquids 
were  mixed  were  found  to  be  very  small,  and  the  resulting 
mixtures  were  those  which  exhibited  the  simplest  relations  in 
their  vapor-tensions. 

8.  The  vapor-tensions  of  mixtures  of  acetic  acid  with  benzene 
and  with  toluene  were  determined,  and  the  results  were  such  as 
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to  permit  of  the  determination  of  the  molecular  mass  of  the  dis- 
solved and  liquid  acid. 

9.  A  general  method  for  the  determination  of  the  molecular 
masses  of  associated  liquids  at  any  given  temperature  was  de- 
veloped and  illustrated  with  acetic  acid. 

The  experimental  part  of  this  investigation  was  done  in  a  lab- 
oratory in  the  School  of  Mines  at  Paris,  placed  at  my  disposition 
by  the  authorities  of  that  noble  institution ;  and  I  here  take  the 
pleasant  privilege  of  thanking  them  for  the  courtesy  thus  ex- 
tended to  me.  My  cordial  thanks  are  also  due  to  M.  Emilio  Da- 
mour,  biginieur  civU  des  Mines,  for.  his  foreseeing  kindness  in 
furnishing  me  with  apparatus  and  material ;  especially  are  va.y 
thanks  due,  however,  to  M.  H.  LeChatelier,  Ingiyiieur  en  chef 
des  Mines,  whose  wise  direction  and  good  counsel  have  been  of 
great  value  to  me  throughout  the  work. 

Chicago,  May  i,  1895. 
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HYDROGEN  PEROXIDE  IN  ESTIMA- 
TING TITANIUM. 

By  W.  F.  Hillebrand. 

Received  May  29,  1895. 

DUNNINGTON*  has  pointed  out  a  source  of  error  to  be 
guarded  against  in  estimating  titanium  in  rocks  and  min- 
erals by  Weller's  method,  due,  as  he  believes,  to  the  partial 
reversion,  in  certain  cases,  of  ordinary  titanic  to  meta-titanic  acid, 
which  does  not  afford  a  yellow  color  with  hydrogen  peroxide. 
It  remains  for  me  to  indicate  another  source  of  error  in  the  pos- 
sible presence  of  fluorine  in  the  hydrogen  peroxide  1 

For  two  years  the  colorimetric  method  has  given  reasonable 
satisfaction  in  this  laboratory,  but  recently  a  new  lot  of  hydrogen 
peroxide  was  purchased  of  a  different  brand  from  that  hitherto 
used,  and,  after  a  time,  it  was  noticed  that  the  results  obtained 
were  in  some  instances  far  too  high,  and  that  no  two  determina- 
tions agreed. 

It  is  known  that  hj'drogen  peroxide  does  not. produce  a  yellow 
color  in  titanium  solutions  carrying  hydrofluoric  acid  or  fluorides, 
and  moreover  the  addition  of  even  a  drop  of  the  dilute  acid  to 

1  This  Journal,  13,  210. 
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an  already  peroxidized  titanium  solution  weakens  the  color. 
For  this  reason  it  is  necessary  to  take  the  greatest  care  to  insure 
the  complete  expulsion  of  all  fluorine  when  dissolving  rocks  or 
minerals  by  means  of  hydrofluoric  and  sulphuric  acids  prior  to 
the  colorimetric  estimation.  A  drop  of  hydrofluosilicic  acid  acts 
similarly,  but  the.  latter  reagent  cannot  be  made  to  completeh' 
discharge  the  color  even  if  added  in  great  excess. 

This,  however,  was  not  suspected  as  the  cause  of  our  trouble 
until,  on  referring  to  the  circular  of  one  of  the  leading  makers 
of  hydrogen  peroxide  in  this  country,  whose  product  has  ahva\"s 
given  satisfactory  results  in  titanium  work,  it  was  found  that 
among  the  various  acids  enumerated  as  usually  to  be  found  in 
the  commercial  article,  hydrofluoric  acid  appears.  Talbot  and 
Moody,  in  the  Technology  Quarterly,  5,  123,  mention  hydrofluo- 
silicic acid  as  of  frequent  accurrence  in  the  peroxide  manufac- 
tured a  few  years  ago.  On  examining  the  suspected  peroxide  b}- 
neutralizing  with  fixed  alkali,  evaporating  to  dryness,  and  heat- 
ing with  strong  sulphuric  acid,  fluorine  was  detected  by  the 
odor  of  the  acid  evolved  and  by  its  action  on  glass. 

It  is  therefore  imperative  to  use  only  hydrogen  peroxide  which 
if  free  from  fluorine  in  estimating  titanium,  for  its  presence  may 
utterly  vitiate  the  results,  even  if  only  two  or  three  cc.  of  the 
peroxide  are  employed. 

Laboratory  op  the  U.  S.  Geouogical 
Survey,  Washington.  D.  C. 


[From  the  Chemical  Laboratory  of  the  Landwirtschaftlichen- 

Landes-Lehranstaldt  in  Czernowitz.] 

THE  VI5C0SIMETRIC  EXAHINATION  OF  BUTTER  FOR 

FOREIGN  FATS. 

By  Dr.  Nrwmann  Wbnder. 

Received  July  i,  1895. 

THROUGH  a  large  number  of  investigations  by  Poisenille,' 
Girard,  Hagenbach,*  Graham,  Rellstab,  Pribram  and 
Handl,  Traube  and  Gartenmeister,  to  whose  original  investiga- 
tions the  reader  is  referred  for  the  sake  of  brevity,  it  has  been 

1  Ann,  der  Htys,  u  Cfiem.  Ptgg.^  58, 424.    Ann.  chim.  phys.,  64,  129. 

2  Ibid,  99.  217. 
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established  that  a  relation  exists  between  the  chemical  composi- 
tion of  liquids  and  the  velocity  of  transpiration  just  as  there 
exists  a  relation  between  boiling-point  and  composition.  There 
exists  now  a  criterion  for  the  purity  of  a  substance,  if  a  relation 
is  found  to  exist  between  viscosity  and  boiling-point,  at  the 
same  time,  pointsof  practical  importance.  From  the  investigations 
of  Pribram  and  Handl  it  follows  that  observations  of  the  specific 
viscosity  or  specific  transmissibility  of  substances  afford  a  hint 
as  to  the  presence  of  adulterations  and  impurities,  because  these 
exert  a  decided  influence  upon  the  fluidity.  The  determination 
of  the  viscosity  has  found  a  practical  value  in  the  examination 
of  oils  and  beer.  The  apparatus  used  for  this  purpose  have 
been  the  viscometer  of  Engler  and  the  septometer,  both  of  which 
have  found  extended  application.  To  these  valuable,  yet 
always  expensive  forms  of  apparatus,  I  have  recently  added  the 
**  Fluidometer,"  devised  by  me  and  manufactured  by  the  firm  of 
Max  Kaehler  and  Martini,  Berlin.  I 'have  communicated  a 
description  of  the  same  to  the  Pharmaceutical  Society  of  Berlin.' 
The  apparatus  possesses  besides  its  inexpensiveness,  other  merits, 
chief  among  which  is  this,  that  by  means  of  a  simple  compres- 
sion bulb  the  liquid  can  be  forced  back  and  used  for  repeated 
determinations.  The  apparatus  consists  of  a  ()  formed  capillary 
tube,  both  of  whose  limbs  are  enlarged  and  divided  in  such  a 
manner  that  one  arm  holds  ten  cc.  and  the  other  two  cc.  liquid. 
According  to  the  laws  of  communicating  tubes  the  liquid  flows 
from  the  wide  limb  through  the  capillary  into  the  smaller  limb, 
which  is  placed  somewhat  lower.  The  viscosity  is  calculated 
from  the  time  which  is  required  for  the  liquid  to  flow  from  the 
first  division  to  the  last  upper  division.  There  is  no  danger  of 
error  arising  from  evaporation  or  contamination  with  foreign 
substances  in  repeating  the  experiments,  and,  furthermore,  the 
apparatus  is  easily  and  quickly  cleaned. 

According  to  the  researches  of  Graham,  in  1 86 1,' confirmed 
by  those  of  Pribram  and  Handl,'  and  by  thbse  of  Gartenmeis- 
ter,*  it  was  found  that  the  viscosity  of  a  liquid  increased  with 

1  Ber.  d.  Phys.  Ges.^  Berlin,  iSgi^  342. 
^  Ann.  Chcm.  (I,iebig),  123,90. 

•  Loc^  cit. 

*  Ztsckr.  phys.  chem.^  6,  524. 
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the  molecular  weight,  and  the  correctness  of  this  law  is  evident 
from  the  following  table : 

Garten- 
Pribratn  and  Handl.  tneister. 


I                                I               ■               *  I   > 

>                       .             «                «                «o  g  u 

s     ^^     I   i?   h   ro  ...^ 

Fatty  acids.               g^          £8               g»         <S  2          ^ft         ^'ft  |®| 

l-a        «*           i        ^?        ^^        ^*  lis 

S  >         m^            pq         (0.ts        tf).-»        (0.t:  <  «-!3 

Propionic  acid 74      0.9929      i4o.>      70.3      51.5      49.9  — 0.1128 

Butyric  acid 88      0.9580      163.0    110.2      77.4      57.6  —0.1634 

Valerianic  acid 102      0.9386      184.0    152.4    103.3      71-5  —0.2279 

Capronic  acid 116      0.9279      199.7    222.2     139.7      97*8  —0.3263 

Heptylic  acid 130      0.9163      223.0      —0.4440 

Octylic  acid 144      0.9115      237.0      —0.5860 

Nonylic  acid 158      0.9053      253.0      — 0.8480 

Butter-fat  differs  from  other  animal  fats  in  that  it  contains  be- 
sides the  glycerides  of  the  higher  fatty  acids,  a.  large  amount 
of  the  glycerides  of  butyric,  capronic,  caprylic,  and  caprinic 
acids,  and  according  to  the  investigations  of  Duclaux'  the  prob- 
able mean  composition  of  butter-fat  is : 

Palmitin,  stearin,  olein,    "I 

Traces  of  myristin  butin  t 

Butyrin •• 

Capronin 

Caprylin,  caprinin,  laurin  (traces) 


91.5  per  cent. 

4.2 

(( 

2.5 

<« 

1.8 

<< 

100.0 


It  appears  therefore  that  mangarin  consists  of  the  glycerides  of 
palmitic,  stearic,  and  oleic  acids  only.  If  we  compare  the  mole- 
cular weights  of  the  constituents,  it  follows  that  the  molecular 
weights  of  the  glycerides  of  the  higher  fatty  acids  are  much 
higher  (806-890)  than  those  of  the  glycerides  in  natural  butter 
(302-470).  The  molecular  weight  determinations  of  Gaselli 
and  Carcano*  showed  that  the  molecular  weight  of  pure  butter 
lies  between  696-715  while  .that  of  margarin  lies  between  780-883. 
The  fact  that  molecular  weight  stands  in  close  relationship  with 
viscosity  was  confirmed  by  Killing,'  although  it  is  known  that 

1  Pleischniati,  Lehrbuch  der  Milchwirtschaft,  Bremen,  1893, 30. 
3  CeDtrbl.  Jigr.  Chem.,  1894, 838. 
^Zischr.  Angew.  Chem.y  1894^  643. 
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different  samples  of  margarin  show  variable  values,  which  could 

appreciably  influence  the  results  in  the  calculations. 

Since  it  has  been  demonstrated  by  the  work  of  Traube'  that 

the   relation   between   molecular  weight   and   viscosity  is   not 

affected  by  solvents,  I  used  in  my  *  *  Fluidometer  *  *  a  solution 

of  the  melted  fat  in  chloroform,  merely  to  avoid  the  difficult 

operation  of  maintaining  the  melting-point  temperature  of  the 

fat  and  I  did  not  lose  sight  of  the  fact  that  the  viscosity  of  the 

solvent  had  to  be  taken  into  account.     Chloroform  was  used, 

samples  of  which  from  different  sources^  required,  in  the  mean, 

20.04  seconds  at  20°  C.  for  efflux.     The  time  of  transmission  of 

the  solvent  is  set  at   100  and  the  calculations  for  solutions  are 

based  upon  this.     From  a  large  number  of  results  I  present  the 

following  average  : 

Viscosity  value  for  pure  butter  344.30    Time,  68.8 
'*  **        **    margarin      373.20        "       77.4 

Killings'  investigations  show  further  that  with  the  one  excep- 
tion of  cacao- fat,  whose  viscosity  value  falls  below  that  of  pure 
butter- fat,  the  values  for  vegetable  fats,  used  by  margarin  manu- 
facturers are  decidedly  higher. 

Since,  however,  mixtures  can  be  made  whose  values  approxi- 
mate that  of  butter- fat,  the  Reichert-Meissl  method  must  be 
resorted  to  in  order  to  detect  the  fraud. 

A  longer  or  shorter  period  of  standing  of  the  fat  solution  does 
not  influence  the  result,  whereas  every  degree  of  temperature 
above  20°  C.  decreases  the  time  of  efflux  by  1.45  seconds.  On 
the  other  hand,  a  decreasing  temperature  naturally  has  a 
retarding  influence  which  averages  1.43  seconds  for  every 
degree.  The  determination  of  the  exact  amount  of  margarin 
added  to  butter  when  the  amount  of  the  former  is  small,  cannot 
be  expected  of  this  method,  but, a  largely  adulterated  sample  is 
easily  detected.  From  the  above  the  following  conclusions  may 
be  drawn : 

1.  The  viscosity  of  butter- fat,  in  chloroform  solution,  as  well 
as  in  the  pure  state,  is  always  decidedly  smaller  than  that  of 
margarin  or  its  solution  of  equal  amount. 

2.  While  the  viscosities  of  different  samples  of  butter  show 

1  Berliner,  Ber.,  /886,  871. 


THE   EXAMINATION  OF   LARD   FOR   IMPURITIES.  723 

relatively  small  dififerences,  samples  of  margarin  from  various 
sources,  show  much  larger  differences. 

3.  The  viscosimetric  determination  can  yield  as  good  service 
in  distinguishing  butter-fat  from  margarin  as  any  other  physical 
method.  The  amount  of  margarin  added  to  butter  may  also  be 
approximately  determined. 

4.  On  account  of  its  easy  manipulation,  its  inexpensiveness, 
and  the  small  amount  of  fat  necessary,  the  *^*Fluidometer*' is 
capable  of  yielding  excellent  results,  not  alone  in  the  hands  of 
experienced  chemists,  but  likewise  in  those  of  government  in- 
spectors, etc. 


THE  EXAMINATION  OF  LARD  FOR  IMPURITIES. 

By  David  Wesson. 

Received  June  as,  1895. 

IN  examining  a  sample  of  any  material  for  impurities  the  analyst 
must  first  familiarize  himself  with  the  pure  substance  before 
he  can  detect  wherein  the  sample  under  examination  differs.  If 
a  definite  compound  is  being  dealt  with,  the  problem  is  an  easy 
one,  but  if  we  have  an  organic  substance,  which  from  the  very 
nature  of  its  origin  is  subject  to  many  variations,  the  analyst  is 
confronted  with  a  problem  of  no  small  magnitude,  and  this  is 
very  true  in  regard  to  the  accurate  analysis  of  commercial  lard, 
which  is  the  fat  rendered  from  various  parts  of  the  freshly  slaugh- 
tered swine.  Hogs  being  omniverous  animals,  it  is  reasonable 
to  suppose  that  the  fat  will  vary  in  accordance  with  the  feed.  It 
is  a  well-known  fact  that  the  lard  from  hogs  which  have  been 
allowed  to  run  in  the  woods  and  fatten  on  nuts  of  various  sorts, 
preserves  in  a  marked  degree  certain  properties  of  the  nut  oils, 
and  is  much  softer,  containing  more  oil  than  that  made  from 
corn-fed  hogs.  That  animals  under  proper  conditions  absorb 
food  directly  and  deposit  the  same  more  or  less  unaltered  in  their 
tissues,  seems  to  have  been  proven  by  experiments  made  some 
years  ago  at  the  Munich  Physiological  Institute. 

That  the  fat  varies  greatly  in  different  parts  of  the  same  animal 
has  been  demonstrated  by  various  observers*  as  well  as  the  writer. 

1  Wiley  :  Bulletin  13,  Part  IV,  U.  S.  Dept.  of  Ag^r. ;  R.  T.  Thomson  and  H.  Ballantsme; 
J.  Soc.  Chem.  Ind.  9,  589,  (59o)» 
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E.  Spaeth'  gives  table  of  analytical  data  showing  variations 
between  back,  kidney,  and  intestinal  fat,  taken  from  eight  dif- 
ferent hogs,  of  different  ages.  His  results  show  considerable 
difference  between  the  different  animals. 

The  modes  of  rendering  make  considerable  differences  in  the 
character  of  the  fat.  The  comparatively  low  temperature  used 
in  kettle-rendering  produces  a  fat  of  quite  different  analytical 
nature  from  that  produced  by  treatment  under  high  steam'  pres- 
sure in  a  closed  rendering  tank  {autoclave).  As  most  Ameri- 
can lard  is  prepared  by  this  latter  method,  this  fact  must  be  well 
borne  in  mind  in  interpreting  analytical  results. 

Time  is  an  important  factor  in  determining  the  condition  of  a 
lard.  A  lard  several  months  old  will  give  analytical  data  which 
if  compared  with  those  of  a  fresh  sample,  would  indicate  adul- 
teration. 

The  lard  analyst  who  knows  nothing  of  the  history  of  a  sam- 
ple, and  without  such  experience  as  will  enable  him  to  judge  by 
the  senses  what  sort  of  lard  he  is  dealing  with,  is  extremely  lia- 
ble to  misinterpret  analytical  results  and  fall  into  grievous  errors. 

The  methods  used  for  the  detection  of  cottonseed-oil  in  lard 
depend  upon  specific  color  reaction  with  different  reagents,  dif- 
ferent physical  properties  of  the  fats,  and  the  differences  between 
the  fluid  portion  (**olein*')  of  the  lard  and  that  of  the  cotton  oil. 

Considering  these  tests  in  their  order,  we  will  first  consider  the 
reaction  with  silver  nitrate,  commonly  known  as  the  ^'  Bechi 
Test:' 

Cottonseed-oil  when  treated  with  an  alcoholic  solution  of  sil- 

« 

ver  nitrate  reduces  the  salt  with  formation  of  a  brick-red  or  deep 
green  color  and  deposition  of  metallic  silver,  while  pure  lard 
under  like  conditions  should  give  little  or  no  coloration  and  no 
metallic  silver.  The  test  has  been  applied  in  various  ways  by 
different  chemists,  but  the  writer  has  obtained  the  most  satisfac- 
tory results  by  operating  according  to  direction  laid  down  by  Dr. 
C.  B.  Dudley,  in  the  Penn.  R.  R.  specification  for  lard  oil  about 
six  years  ago.  The  solution  used  is  made  up  with  two  grams 
silver  nitrate,  200  cc.  alcohol,  and  forty  cc.  ether.     After  expo- 

^Zischr.  Angew.  Chem.  i8qj,  133-136;  also  abstract  in  Journal  of  the  Society  of  Chemical 
Industry^  za,  608. 
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sure  to  sunlight,  till  reaction  ceases,  the  solution  is  decanted  or 
filtered  into  a  dark  bottle. 

In  testing,  ten  grams  of  melted  lard  and  fivecc.  of  the  solution 
are  well  stirred  together  on  the  water-bath  at  100°  C.  for  fifteen 
minutes,  at  the  end  of  which  time  most  of  the  alcohol  will  have 
passed  off.  With  pure  lard  there  should  be  no  coloration,  while 
in  the  presence  of  cottonseed-oil  the  depth  of  color  varies  accord- 
ing to  the  amount  and  character  of  the  oil,  and  a  metallic  mirror 
is  deposited  on  the  surface  of  the  liquid  fat. 

Applying  the  test,  in  the  manner  described,  to  samples  of 
steam  lard  known  to  be  pure,  and  representing  many  thousand 
tierces,  the  writer  found  that  more  or  less  coloration  of  a  purple 
tint  was  the  rule  rather  than  the  exception.  Believing  that  this 
apparent  reduction  was  due  to  organic  matter  of  a  reducing 
nature  held  in  the  lard  as  a  result  of  the  process  of  rendering, 
the  experiment  was  tried  of  washing  the  lard  with  a  two  per  cent, 
solution  of  nitric  acid.  For  this  purpose  about  fifty  grams  of 
melted  lard  in  a  flask  are  shaken  up  with  twenty-five  cc.  of  the 
diluted  acid,  and  after  allowing  to  settle  on  the  water-  or  steam- 
bath,  the  acid  water  is  removed  and  the  lard  washed  once  with 
fifty  cc.  of  hot  distilled  water.  After  settling  till  clear,  ten  cc. 
of  the  lard  are  pipetted  off  and  the  test  made  as  described.  In 
nineteen  cases  out  of  twenty,  pure  steam  lard  after  this  treat- 
ment will  give  no  reduction  whatever  or  suspicion  of  reduction, 
the  fat  remaining  colorless  at  the  end  c  f  fifteen  minutes,  whereas 
the  reducing  matter  of  cotton  oil  being  unaffected  by  this 
treatment  would  give  an  unmasked  reaction  with  the  silver 
nitrate.  While  in  the  majority  of  cases  the  above  treatment  is 
all  that  is  necessary  to  remove  accidental  reducing  matters,  we 
occasionally  meet  lards  which  have  been  treated  at  very  high 
temperature  and  for  a  long  time,  which  show  as  a  result  a  slightly 
higher  than  normal  per  cent  of  free  acid  (normal  is  four-tenths 
to  one  per  cent)  and  contain  decomposition  products  of  the  animal 
fiber  which  have  a  very  strong  reducing  action  on  our  silver  So- 
lution. Such  samples  must  be  first  washed  with  diluted  caustic 
soda  solution  and  distilled  water,  and  afterward  with  the  nitric 
acid,  before  any  definite  conclusion  can  be  drawn  from  the  results 
of  applying  the  silver  nitrate  test. 
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The  condemnation  of  a  sample  of  lard  which  gives  a  coloration 
with  silver  nitrate,  without  first  purifying  the  fat  as  indicated, 
would  be  as  absurd  as  it  would  be  unjust,  yet  many  good  anal- 
ysts have  been  known  to  do  this  very  thing. 

Dr.  Ernest  Millau  applies  thfe  silver  nitrate  to  the  freshly  sep- 
arated fatty  acids,  but  insists  most  forcibly  on  a  preliminary  prep- 
aration of  the  fat  for  analysis  by  a  purification  somewhat  similar 
to  the  one  outlined  above.  (See  pamphlet'  published  by  Minis- 
tero  de  L' Agriculture.) 

Exception  is  taken  to  the  silver  nitrate  test  by  various  writers 
because  of  the  misleading  reaction  obtained  with  lard  improperly 
prepared  for  analysis,  and  also  because  cotton  oil  can  be  refined 
with  oxidizing  agents  and  the  use  of  very  high  temperatures  in 
such  a  measure  as  to  destroy  the  specific  reducing  agent.  Also 
very  old  oil  will  sometimes  refuse  to  give  any  reduction.  If 
such  an  oil  were  mixed  with  lard,  it  goes  without  saying  that 
no  reduction  would  not  necessarily  indicate  pure  lard,  but  the 
writer  can  say,  as  a  result  of  several  years'  experience,  that  he 
has  never  run  across  any  sample  of  oil  failing  to  give  the  reac- 
tion which  would  be  suitable  to  use  in  the  preparation  of  an 
edible  fat.  If  a  lard  containing  cotton  oil  should  become  so  old 
that  the  oil  should  lose  its  reducing  power,  the  lard  would 
be  fit  only  for  the  soap-kettle. 

The  preponderance  of  evidence  seems  to  be  in  favor  of  the 
silver  nitrate  test  as  being  the  best  single  test  which  has  yet  been 
brought  forward  for  the  detection  of  cotton  oil  in  lard.  Whein 
properly  applied  it  is  the  most  reliable  for  detecting  small  quan- 
tities. 

The  phosphomolybdic  acid  test,  otherwise  known  as  the  Wel- 
mans  test,  first  described  in  the  Pharm.  Zeii,,  i8gi,  36,  798,  has 
been  highly  recommended  by  several  writers,  of  late,  as  of  value 
for  the  detection  of  vegetable  oils  in  lard.  Among  them  may  be 
mentioned  Rupp,  Wimmer,  Mansfield,  and  Goske,  while  H. 
Schweitzer  and  E.  Lungwitz*  state  that  they  have  found  the  test 
one  of  great  value. 

1  Analyse  Chetnique  des  Matieres  Grosses  Agricoles,  pas  Ernest  Millau,  Directeur  de 
I^aboratoire  d'Kssais  Technique  de  Marseilles, 
ay.  Soc.  Chem.  Ind.,  614^  June  1894. 
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J.  Lewkowitsch*  says  as  the  results  of  a  series  of  careful  ex- 
periments: **  Welman's  reaction  can  therefore  be  admitted  as  a 
preliminary  test,  the  indications  of  which  may,  in  some  cases, 
give  valuable  hints  as  to  the  direction  in  which  the  examination 
of  a  sample  has  to  be  carried  out  and  may  serve  as  a  useful  cor- 
roboration of  results  obtained  by  other  methods.*' 

Samelson'  concludes  that  the  test  is  of  no  value  and  that  the 
iodine  figure  is  the  only  reliable  test  for  the  detection  of  cotton- 
seed oil  in  lard.  He  bases  the  assumption  on  the  fact  that  he 
found  six  samples  of  American  lard  with  iodine  numbers  of  64.7 
to  67.2,  which  were  higher  than  any  he  had  ever  found  recorded, 
whence  he  concluded  that  cotton  oil  must  be  present  though  not 
shown  by  the  test. 

George  F.  Tennille'  publishes  a  very  exhaustive  paper  on  this 
test,  and  concludes  that  **  the  phosphomolybdic  test  may  be  con- 
sidered to  be  of  slight  analytical  value,  and  certainly  does  not 
fill  that  long-felt  want  of  a  simple  test  which  will  reliably  indicate 
small  percentages  of  cotton  seed  or  other  vegetable  oils  in  lards.*' 
The  writer  has  tried  the  test  and  arrived  at  the  same  conclusions. 

Sulphuric  Acid  Test, — The  color  produced  by  the  action  of 
sulphuric  acid  on  cottonseed-oil  in  a  mixture  with  lard  is  often 
a  good  qualitative  indication,  but  it  so  frequently  happens  that 
pure  lards  prepared  under  certain  conditions  will  give  similar 
coloration,  that  results  must  be  taken  with  extreme  caution, 
and  in  many  cases  had  better  not  be  taken  at  all. 

Dr.  J.  Lewkowitsch*  concludes:  **The  sulphuric  acid  color 
test  may  therefore  only  be  used  for  purposes  of  preliminary  infor- 
mation, and  even  then  its  indications  should  be  interpreted  with 
the  greatest  caution . " 

PHYSICAI,  TESTS. 

specific  Gravity. — Lard  freshly  rendered  in  the  writer's  labora- 
tory showed  at  -^  C.  a  specific  gravity  of  0.8600  to  0.8610, 
while  old  samples  of  known  purity  have  been  observed  running 
as  high  as  0.8620,  while  we  have  on  record  one  specimen  which 

ly.  Soc,  Chem.  Ind.,  617,  Jum  1894. 
s  Ztschr.  anal.  Chem.,  189, 1894. 
•  This  Journal,  17,  33. 

4  Contributions  to  the  Analysis  of  Fats,  IV,  Color  Reaction.  J.  Soc.  Chem.  Ind.^  617, 
Jutte,  1894- 
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ran  as  high  as  0.8640,  and  gave  no  indication  of  cotton  oil  by 
other  tests.  The  lard  was  nearly  a  year  old  and  had  been  stored 
in  tierces.  Cottonseed-oil  shows  under  like  conditions  a.8683. 
With  fresh  lard  as  a  standard  we  would  have  a  difference  be- 
tween lard  and   cotton  oil  of  0.0083.      The  lard  cited  would 

therefore  show  ^^^  or  forty-eight  per  cent,  of  cotton  oil,  which 

shows  the  test  to  give  preposterous  results  when  working  on  old 
lards.  It  is  of  use  in  obtaining  the  proportionate  components  of 
a  mixture  when  the  specific  gravities  of  the  identical  fats  used 
in  preparing  the  mixture  are  known. 

Refraction  Index, — ^As  this  depends  to  a  great  extent  on  the 
relative  amounts  of  olein  and  stearin  and  palmitin  present,  it 
is  quite  evident  that  two  samples  of  lard  containing  these  in- 
gredients in  different  proportions  would  show  different  indices. 
Wiley  has  published  a  large  number  of  refraction  indices  in 
Part  IV,  Bulletin  13,  Dept.  of  Agriculture,  1889,  Lard  and  its 
adulterations.  In  table  18,  he  gives  the  results  of  analysis  of 
six  samples  of  Prime  Steam  lard  drawn  by  C.  H.  Mixer,  the 
official  inspector  of  the  board  of  trade  in  Chicago,  and  accom- 
panied by  his  affidavit.  The  lards  were  of  unquestioned 
purity  yet  their  indices  varied  from  1.4911  to  1.4675,  which 
shows  that  the  refraction  index  is  little  better  than  specific  grav- 
ity as  a  test  per  se. 

Melting-point, — Any  one  who  has  experimented  much  with 
the  melting-points  of  lard  and  lard  compounds  will,  it  is  believed, 
readily  agree  that  no  suitable  method  has  yet  been  proposed 
which  will  give  analytical  indications  of  any  value  except  in 
cases  of  large  admixtures  of  beef  fat.  This  determination 
depends  so  largely  on  the  manner  of  cooling  the  fat  and  the  time 
elapsing  after  the  cooling  that  it  is  of  no  value  whatever  as  an 
indication  of  small  adulteration. 

Crystallizing 'point  of  the  Neutral  Fat, — The  observation  of  the 
manner  of  crystallizing  on  cooling  of  the  melted  fat  gives  valua- 
ble indication  regarding  the  presence  of  beef  fat. 

H.  Schweitzer  and  E.  Lungwitz,*  give  their  mode  of  proced- 
ure and  results  obtained  with  it.     They  rely  on  the  test  to  % 

1  Commercial  Analysis  of  I^rd,y.  Soc.  Chem,  Ind.,  June,  1894^  614,  and  July,  1894,' 709. 
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considerable  extent  for  the  detection  of  beef  fat.  Amthor  and 
Zink'  use  this  method  among  others. 

The  writer  has  derived  very  useful  indications  respecting  the  pro- 
portion of  beef  fat  present  in  a  mixture,  by  working  in  a  some- 
what different  manner.  As  a  rule  pure  lards  chill  below  30° 
before  showing  turbidity,  while  if  beef  fat  is  present  crystalliza- 
tion begins  at  higher  temperatures  according  to  the  amount 
present.  A  lard  containing  ten  per  cent,  of  beef  stearin  will 
cloud  at  a  higher  temperature  than  pure  lard  stearin. 

Microscopical  examination  of  the  fat  crystals  deposited  from 
ether  is  of  value  for  the  identification  of  beef  fat  when  present  in 
large  enough  amount.  When  only  small  amounts  of  oleostearine 
are  present  the  test  is  not  as  conclusive  as  the  cooling  test,  un- 
less recrystallization  is  resorted  to. 

Crystallization-point  of  the  Fatty  Acids. —  This  method,  first 
proposed  by  Dalican,  has  for  a  long  time  been  considered  a 
valuable  criterion  and  is  a  very  useful  factor  in  passing  upon  the 
purity  of  a  lard. 

The  crystallization-point  depends  upon  the  relative  amounts 
of  solid  and  fluid  acids  present,  being  higher  of  course  in  pro- 
portion to  the  increase  in  the  former,  but  unfortunately  the 
thermometer  readings  are  not  in  exact  ratio  to  the  amounts 
added. 

As  the  relative  amounts  of  the  fluid  and  solid  acids  vary 
in  different  parts  of  the  same  animal  it  is  quite  evident  that 
pure  lards  will  show  quite  different  points  of  crystallization, 
according  to  the  portion  of  the  animal  from  which  they  have 
been  prepared,  and  also  according  to  the  individual,  as  shown 
by  the  results  on  lards  rendered  in  the  U.  S.  Agricultural 
Laboratory  in  Washington  and  in  the  writer's  laboratory  in 
Chicago  some  years  since. 

According  to 
Part  of  hog.  Wiley.  Wesson. 

Head 36.6  35.4 

Intestine 42.7  41.2 

Leaf 41.3  41.5 

Back  and  sides 39.7 

Belly 39.7 

Foot* 32.1 


... 


1  Ztschr.  Anal,  Chem.^  1892,  584  to  537. 

3  This  sample  was  prepared  by  a  packer  but  well  authenticated. 
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The  crystallization-point  of  Prime  Steam  lard  or  the  lard  of 
commerce,  varies  from  35.5  to  38.  The  majority  of  receipts 
during  the  past  year  have  shown  an  average  to  36.5,  which 
would  indicate  that  more  of  the  softer  parts  of  the  hog  are  now 
used  than  formerly,  when  the  average  was  one  degree  higher. 

Lard  oil  has  a  crystallization-point  of  3i°-32**,  while  well 
pressed  lard  stearin  should  show  not  less  than  43.5**. 

Considering  the  wide  range  in  crystallization-point  of  pure 
lard,  we  can  only  regard  the  test  as  a  corroborative  one,  and 
useful  in  connection  with  others  in  passing  upon  the  purity  of  a 
lard,  but  of  little  value  in  proving  presence  of  small  amounts  of 
either  cotton  oil  or  beef  fat. 

IODINE  ABSORPTION. 

As  the  amount  of  iodine  absorbed  by  a  fat  depends  upon  the 
chemical  nature  and  quantity  of  the  fluid  acids  present  it  is  evi- 
dent that  in  the  case  of  lards  it  is  impossible  to  draw  sharp  con- 
clusions, for  the  softer  the  lard  the  more  iodine  absorbed  and 
conversely.  If  a  standard  for  purity  of  lard  should  be  estab- 
lished saying  that  the  correct  absorption  should  be  a  certain  fig- 
ure, there  would  be  little  trouble  for  the  adulterator  to  make  a 
mixture  of  cotton  oil  and  beef  fat  which  would  fully  meet  the  re- 
quirements, and  thus  make  the  iodine  number  prove  nothing  so 
far  as  purity  of  a  lard  is  concerned.  An  example  or  two  will 
make  this  apparent. 

Iodine  number. 

Cotton  oil 108            10  parts.  10.80 

Oleostearin 21            10     *'  2. 10 

Steam  lard 64.5         80     **  51.80 

Mixture  has  iodine  number 6.^.50 

and  contains  twenty  percent,  of  adulteration.  The  number  64.5 
is  very  near  the  average  for  Prime  Steam  lard  and  well  within 
limits.  Another  case  would  be  that  of  a  mixture  of  intestinal 
lard  testing  52  and  cottonseed-oil  testing  108,  which  would  con- 
tain twenty-five  per  cent,  of  the  latter  and  still  test  65,  while 
with  twenty  per  cent,  cotton-oil  the  sample  would  have  an 
absorption  of  but  63. 

In  our  first  example  the  Dalican  temperature  of  crystallization 
would  be  raised  a  little  above  normal  by  the  oleostearin,  while 
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in  the  second  instance  it  would  be  about  normal  for  pure  lard. 
By  normal  we  mean  the  temperature  of  crystallization  corres- 
ponding to  the  amount  of  fluid  acid  indicated  by  the  iodine 
number. 

Besides  the  variations  caused  by  the  fat  being  taken  from  dif- 
ferent parts  of  the  hog,  we  have  the  difference  in  individual  ani- 
mals, caused  by  difference  in  feed.  For  instance,  Wiley,'  found 
on  testing  the  lard  rendered  in  his  laboratory  from  different 
parts  of  the  same  animal,  figures  which  differ  considerably  from 
the  writer's,  as  shown  in  the  following  table  : 

Wiley  Wesson.  , 

Point  of  Point  of 

Portions  of  animal.    Iodine  No.      crystallization.    Iodine  No.     crystallization. 

Head 85.03  36.6  60.35  35.4 

Intestine 57-34  42.7  52.14  41.2 

Leaf 62.55  41.3  56.88  41.5 

Back  and  sides ...  57-41  39-7 

Belly.,  f ...  58.82  37.7 

The  results  would  seem  to  indicate  that  one  of  these  hogs 
judged  by  the  others  must  have  been  sadly  adulterated.  In  the 
writer's  opinion,  the  animal  operated  on  by  Wiley,  which  was 
purchased  in  Washington,  was  very  likely  one  which  had  gath- 
ered a  portion  of  its  adipose  in  the  woods  of  Virginia  and  adul- 
terated its  fat  with  the  oils  from  beechnuts  and  acorns,  while  the 
writer's  hog  was  a  plain,  every  day  Western  corn-fed  specimen, 
such  as  generally  comes  to  the  Chicago  packers. 

The  crystallization-points  would  certainly  indicate  that  con- 
siderable differences  in  the  character  of  the  oleins  must  be  the 
cause  of  the  great  differences  in  the  iodine  nupibers. 

To  observe  the  effects  of  age  on  samples,  those  of  the  writer 

cited  above  were  tested  again  after  three  months  standing  in  the 

laboratory  at  from  20*"  to  30''  C.,  with  the  following  results  : 

Head 63.64 

Intestine 58.05 

Leaf 61.02 

Back  and  sides 60.50 

Belly 63.95 

Comparing  these  figures  with  those  obtained  on  the  fresh  sam- 
ples, which,  if  considered  a  standard  of  purity,  would  lead  us  to 
the  conclusion  that  time  had  been  adding  some  cotton  oil.     In 

1 1«ard  and  Adulteration  Bulletin  13,  Pt.  IV,  U.  S.  Dept.  of  Agriculture. 
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the  case  of  the  leaf  lard  the  quantity  would  appear  to  be  eight 
per  cent. 

That  age  acts  in  a  similar  manner  on  steam  rendered  lard  we 
can  see  no  reason  to  doubt. 

As  a  rule  the  iodine  numbers  of  steam  lards  run  considerably 
higher  than  most  of  the  published  results  on  lards. 

The  iodine  numbers  of  prime  steam  lard  range  as  follows  : 


Sample. 
5662... 
5663... 
5664... 
5665... 
5666... 


CryAtallisation- 
point. 


39-30 
38.05 


Sample. 
I 


2' 

3' 

4- 

5" 
6. 

7 
8 


...  39.10 

Crystal  lization- 
point. 

••••  36.3 

36.0 

....  36.3 

....  36.5 

••••   35.6 
....    37.0^ 

••••   37.3 
. ...    35.0 


Iodine 
number. 

61.95 
63.82 

60.34 

65.12 

60.85 

Iodine 
number. 

67.22 

65.25 
69.06 

69.26 

67.30 

65.31 

64.31 

.    68.48 


Remarks. 
Wiley :  Lard  and  Adul- 
terations; samples  drawn 
and  sworn  to  by  C.  H. 
Mixer»  the  official  inspec- 
tor at  Chicago. 

Remarks. 
Lard  from  400  tierces 
and  different  packers. 

Age  of  samples,  six  to 
■  twelve  months. 

All  samples  prime  mer- 
chantable lard,  and  un- 
questionably pure.  Tests 
made  in  our  laboratory. 


L.  E.  Spaeth*  gives  results  on  fats  from  different  parts  of  eight 
different  hogs  and  draws  the  conclusion  that  a  lard  must  not  be 
considered  adulterated  merely  because  its  iodine  number  sur- 
passes sixty.     Spaeth's  results  are  : 


Ag:e  of  hogr.  Back. 

Two  years 63.25 

Six  to  eight  months 62.95 

Ten  months 55'50 

Six  months 60.10 

Five  to  six  months 57-o8 

Six  to  seven  months. 63.61 

Ten  months 60.95 

Six  to  seven  months 61.20 

Mean 60.58 


Iodine  number  of  fat  from 


Kidney. 
61.15 

49-35 

55.88 
55.80 

50.20 

52.35 
46.60 

51. 5P 
52.60 


Intestines. 
62.90 

57.25 
50.60 

52.30 
51.75 
49.85 
47.60 

52.85 


43.10 

The  above  results  are  especially  instructive  as  showing  the 
great  difference  which  exists  between  different  animals  as  well 
as  different  parts  of  the  same  animal. 

^ZlscAr.  Angew.  Chem,  iSgj,  133-136. 
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As  commercial  lard  is  nowadays  made  largely  from  heads,  back, 
and  side  fat,  it  is  easy  to  account  for  the  high  iodine  absorption 
of  prime  steam  lards. 

Iodine  Number  of  the  Fi^uid  Acids. 

As  the  fluid  acids  are  the  portion  of  the  fat  which  absorb  the 
iodine,  and  as  the  amount  of  fluid  acids  present  in  the  fat  deter- 
mine its  absorption,  which  also  varies  with  the  nature  of  the  fluid 
acids  present,  it  follows  that  the  truly  scientific  method  of  anal- 
yzing a  lard  is  to  first  determine  the  percentage  of  fluid  acids 
present,  and  then  from  the  iodine  number  of  the  fluid  acids  cal- 
culate the  proportion  of  lard  and  cotton  oil  present. 

This  system  of  analysis  was  first  published  by  Muter.*  His 
process  consists  in  precipitating  the  lead  salts  from  a  neutral  so- 
lution, extracting  the  oleate  with  ether,  decomposing  the  lead 
soap  in  the  solution  with  dilute  acid,  determining  the  amount  of 
oleic  acid  present  by  titrating  a  measured  portion  with  standard 
alkali,  and  then  determining  the  iodine  number,  using  half  a 
gram  of  the  fluid  acids  under  standard  conditions.  The  process 
though  tedious,  g^ves  very  satisfactory  results.  Messrs.  Muter 
and  DeKoningh  published  some  of  the  results  of  the  process  in  the 
Analyst,  Feb.  i8go.  They  obtain  for  the  fluid  acids  of  tallow,  90 ; 
for  lard,  93-94;  while  for  cotton  oil,  135. 

N.  J.  Lane*  reviews  Dr.  Muter's  method,  and  describes  an  im- 
provement which  gives  the  results  in  much  shorter  time.  His 
results,  which  were  obtained  in  our  laboratory,  were  as  follows : 

Crystalli- 
Sapouifi-    zation- 
Pluid       lodina        Hiibl       cation      point  of 
Acids,      number    number   equiva-       fatty 
Per  cent,  of  same,     of  fat.        lent.         acids. 

Cottonseed  stearin 68.05  141.09      99.3  2S8.21      36.6 

Summer  yellow  cotton  oil  75.16  141.96  108.36  397.51      32.4 

Winter  yellow  cotton  oil . .  77.64  143.49  110.96  296.27      30.4 

Cotton  oil,  Columbia,  S.  C.  76.73  141.97  108.95  284.75      33-8 

Cotton  oil,  New  Orleans  •  •  76.67  140.59  109.23  288.94      33.4 

Steam  lard,  ave'ge  sample  64. 15  99.48      64.96  287.85      37.4 

Corn  oil  (maize  oil) S3.97  144.40  121. 7       

Arachideoil 79*84  114.00      93.55     

In  studying  the  above  table  it  will  be  noted  in  the  case  of  cot- 

"^  Analyst  1889. 

s  This  JouRNALf  15,  no. 
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ton  oil,  that  whatever  variation  there  may  be  in  the  other  con- 
stants, the  iodine  number  of  the  fluid  acids  shows  comparatively 
little  variation. 

The  sample  of  steam  lard  mentioned  was  a  composite  sample 
of  a  number  of  lots  of  known  purity,  representing  the  article  as 
made  at  that  time. 

Wallenstein  and  Finck*  work  with  a  modification  of  the  Muter 
method,  which  guards  more  fully  against  oxidation  of  the  fluid 
acids  by  contact  with  air. 

They  say :  **  In  deciding  qualitatively  as  to  the  purity  of  a  fat 
it  may  be  assumed  that  below  the  limit  of  ninety-six  (iodine 
number  of  fluid  acids)  there  is  no  admixture  of  vegetable  oil 
(except  it  be  cocoanut  oil,  which  is  however  revealed  by  the  sa- 
ponification number  of  the  sample)'.  Between  ninety-six  and  lo^ 
much  depends  on  the  origm  of  the  fat.  For  instance,  Central  Euro- 
pean lards  show  ninety-three  to  ninety-six,  while  American  lards 
vary  between  103  and  106,  and  additional  confirmation  by  Wel- 
man's  or  Bechi*s  test  will  be  required  to  form  a  decisive  opinion.  *  * 

Results  obtained  are  as  follows : 

Iodine  number  of  Iodine  number  of 

fluid  fatty  acids.  Glycerides. 

Berlin  OX  tallow 92.2  38.3 

Australian  tallow 92.4  45.2 

Hungarian  mutton  tallow 92. 7  38.6 

American  western  steam  lard 104.5  ^5-4 

Berlin  hogs' lard 96.6  52.7 

Hungarian  hogs'  fat 96.2  60.4 

Viennese  hogs' fat 95.2  60.9 

Roumanian  hogs'  fat 96.0  59.5 

White  American  cottonseed-oil ....   147.5  108.0 

Yellow  American  cottonseed-oil. ..   147.3  107.8 

Yellow  Egyptian  cottonseed-oil.-.  148.2  108.0 

White  English  cottonseed -oil 146.8  106.5 

White  German  cottonseed-oil i47-i  107.  i 

Yellow  Peruvian  cottonseed-oil. . . .   147.8  106.8 

Maize  oil 140.7  122.0 

Arachisoil 128.5  98.5 

The  above  results  agree  fairly  well  with  Lane's,  and  are 
another  contribution  to  the  variation  of  hog  fats.  The  authors 
attribute  the  high  iodine  absorption  of  the  American  lard  to  the 

1  Chem.  Ztg.  xa,  1189-1191 ;  also/.  Soc,  Chem,  Ind.  Jan.  31,  /5jit5,  78. 
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difference  in  feeding  methods  pursued  in  America  and  Europe. 
They  are  no  doubt  right,  though  the  mode  of  rendering  also 
differs. 

At  the  present  time  the  writer  is  aware  of  no  method  of  analy- 
sis approaching  the  modified  method  of  Muter  for  accuracy,  and 
invariably  applies  it  in  doubtful  cases. 

G.  Halphen*  gives  results  of  a  method  of  separating  the  fluid 
and  solid  fatty  acids  based  on  difference  in  solubility  of  zinc 

« 

salts  in  carbon  bisulphide.  Their  results  show  that  very  im- 
perfect separations  are  obtained  and  the  process  has  little  prac- 
tical utility.  The  writer  tried  the  same  method  in  1888,  using 
gasoline,  and  obtained  better  but  not  satisfactory  results. 

In  conclusion,  I  would  say  that  working  with  the  best  analyt- 
ical methods  at  our  command,  unless  the  origin  of  samples  is 
known,  the  analyst  is  frequently  at  a  loss  to  interpret  results, 
in  much  the  same  manner  as  in  passing  upon  a  potable  water 
of  unknown  history,  and  often  when  we  see  the  self-confident 
manner  in  which  small  percentages  of  cotton  oil  are  announced  on 
very  questionable  data,  we  feel  like  exclaiming  with  the  poet, 

"  Fools  rush  in  where  angels  fear  to  tread.** 

March  12, 1895.. 

[Contribution  prom  the  John  Harrison  I^aboratory  op 

Chemistry.    No.  7.] 

THE   ACTION    OF    HALOID    ACIDS    IN   GAS   FORM   UPON 
THE  SALTS   OF    ELEflENTS   OF    GROUP   V   OF 

THE  PERIODIC  SYSTEM. 

Bt  Ei>gar  p.  Smith  and  Prbd.  I,.  Meybr. 

Received  May  3, 1895. 

AFTER  observing  the  conduct  of  salts  of  the  acids  of  ele- 
ments of  Grotjp  V  toward  hydrochloric  acid  gas,  it  was 
but  natural  that  we  should,  with  some  interest,  note  the  re- 
sults arising  when  the  other  haloid  acids,  in  gas  form,  were 
substituted  for  hydrogen  chloride.  It  was  useless  to  predict 
what  might  occur,  and,  therefore,  the  slight  variations  from  pre- 
conceived notions  were  in  no  wise  surprising.  Taking  up  the 
study  of  the  haloid  acids  and  the  various  salts  in  the  order  of  in- 
creasing molecular  magnitude,  we  began  with 

ly.  eU  Pharm.  ei  Chtm.,  30,  241-247, 1S94. 
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I .     THE  ACTION  OF  HYDROFLUORIC  ACID  GAS  UPON  SODIUM 

NITRATE. 

The  salt  was  exposed  to  the  action  of  the  gas  in  a  platinum 
boat,  carried  in  an  iron  tube.  The  temperature  at  which  the 
reaction  was  conducted  did  not  exceed  250**  C.  Not  more  than 
twenty  minutes  were  allowed,  or  required,  for  the  change  which, 
from  the  analytical  result  given  below,  is  evidently  complete. 

Experiment, — 0.1052  gram  of  sodium  nitrate  gave  0.0530  gram 
of  sodium  fluoride,  instead  of  0.0520  gram,  the  theoretical 
amount. 

A  second  trial  gave  a  similar  quantitative  result. 

2.   THE  ACTION  OF  HYDROFLUORIC  ACID  UPON  PHOSPHATES. 

The  gaseous  acid  expelled  nothing  from  sodium  pyrophosphate. 
The  boat  contents  sustained  no  less  in  weight.  The  water  in  the 
receiver  gave  no  evidence  of  the  presence  of  phosphorus  when 
tested  for  it. 

3.  HYDROFLUORIC  ACID  AND  VANADATES. 

Sodium  vanadate,  thoroughly  dried,  was  heated  to  250°  C, 
for  one-half  hour  in  an  atmosphere  of  the  acid  vapor.  Vana- 
dium was  found  both  in  the  receiver  and  in  the  boat.  Upon  re- 
peating the  experiment,  increasing  the  temperature,  and  continu- 
ing the  action  of  the  acid  vapor  through  an  hour,  about  one-half 
of  the  vanadic  acid  was  volatilized. 

4.  HYDROFLUORIC  ACID  AND  ARSENATES. 

In  these  trials  sodium  pyroarsenate  was  heated  to  about  400* 
C,  while  exposed  to  a  brisk  current  of  the  acid  vapors. 

Experiment  i. — o.  1893  gram  of  sodium  pyroarsenate  was  used. 
When  the  boat-contents  were  examined  0.0872  gram  of  the  pyro- 
salt  was  found  unvolatilized. 

Experiment  2, — 0.2015  gram  was  treated  in  the  same  manner, 
with  practically  the  same  result.  The  volatilization,  therefore, 
of  the  arsenic  compound  must  be  considered  as  incomplete. 

To  summarize,  nitrates  are  entirely  converted  into  fluorides 
by  the  vapors  of  hydrofluoric  acid ;  with  vanadates  and  arsenates 
the  conversion  is  incomplete,  while  phosphates  remain  intact. 
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Apparently  no  change  occurs  when  these  compounds  are 
brought  together  in  the  coM.  When  gently  heated  aqueous 
vapor  and  bromine  appear.  In  the  course  of  half  an  hour  the 
conversion  into  bromide  is  finished. 

Experiment. — 0.1887  gram  of  sodium  nitrate  gave  0.2286  gram 
of  sodium  bromide,  instead  of  the  theoretical  0.2273  gram. 

2.    HYDROBROMIC  ACID  AND  PHOSPHATES. 

Not  even  traces  of  phosphoric  acid  were  expelled  on  heating 
sodium  pyrophosphate  in  an  atmosphere  of  hydrobromic  acid. 

3.  HYDROBROMIC  ACID  AND  VANADATES. 

Sodium  vanadate  was  acted  upon  in  the  cold.  It  became 
brown  in  color,  and  when  the  temperature  was  raised  to  almost 
300**  C,  vapors  escaped  and  condensed  to  an  oily,  reddish 
liquid  beyond  the  heated  portion  of  the  tube.  By  the  continued 
action  of  the  acid  this  liquid  acquired  a  green  color,  and  small, 
green-colored  crystals  appeared.  After  the  lapse  of  half  an  hour 
the  liquid  had  completely  solidified  to  a  mass  of  radiating 
needles,  having  a  beautiful  green  color.  Several  analyses  of 
this  compound  showed  the  presence  of  59.40  per  cent,  bromine 
and  14.65  per  cent,  vanadium,  which  would  closely  approximate 
the  formula  V,0,Br,.3HBr.7H,0,  requiring  58.91  per  cent,  bro- 
mine and  15.02  per  cent,  vanadium.  That  such  an  oxybromide  is 
not  improbable  may  be  inferred  from  the  fact  that  Ditte  {Comptes 
rendus,  102, 1310)  prepared  the  compound  V,0,Br,.2H Br. 7H,0, 
by  boiling  vanadic  oxide  (V,OJ  with  hydrobromic  acid.  It 
required  53.51  per  cent,  bromine  and  17.06  per  cent,  vanadium. 
The  conversion  into  bromide  was  not  complete. 

4.  HYDROBROMIC  ACID  AND  ARSENATES. 

Quite  a  distinct  reaction  was  evident  with  pure,  dry,  sodium 
pyroarsenate  even  in  the  cold.  The  salt  assumed  a  dark-grey 
color.  When  a  gentle  heat  was  applied  to  it  vapors  were  ex- 
pelled ;  these  condensed  in  the  anterior  portion  of  the  tube  to  a 
pale-yellow,  oily  liquid,  soluble  in  water.  The  temperature  at 
which  the  ^-eaction  was  carried  out  did  not  exceed  300**  C.  The 
boat  contained  pure  sodium  bromide. 
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Experiment  i. — 0.5440  gram  of  pyroarsenate  gave  0.6335 
gram  of  sodium  bromide,  instead  of  0.6331  gram,  the  theoretical 
quantity. 

Experiment  2, — 0.4277  gram  of  pyrophosphate  gave  0.4984 
gram  of  sodium  bromide,  while  theory  requires  0.4981  gram. 

With  this  complete,  quantitative  expulsion  of  arsenic,  and  the 
non-volatilization  6f  phosphoric  acid  before  us,  we  next  pro- 
ceeded to  the  separation  of  the  two  acids,  both  being  present  as 
sodium  pyro-salts. 

Experiment  j, — 0.1572  gram  of  sodium  pyroarsenate  and 
0.1897  gram  of  sodium  pyrophosphate  were  mixed  and  gently 
heated  in  hydrobromic  acid  gas.  The  phosphate  remaining  in 
the  boat,  when  determined  and  calculated  into  pyro-salt,  equaled 
0.1903  gram.  As  it  was  free  from  arsenic,  we  did  not  estimate 
the  arsenic  contained  in  the  receiver. 

Through  both  hydrobromic  acid  and  hydrochloric  acid  vapors, 
acting  upon  a  mixture  of  arsenates  and  phosphates,  a  separation 
of  the  two  acids  may  be  effected. 


The  succeeding  experiments  relate  to  the  conduct  of  nitrates, 
arsenates,  and  phosphates  toward  hydriodic  acid  gas.  This  was 
prepared  by  dropping  water  upon  a  mixture  of  amorphous  phos- 
phorus and  iodine.  It  was  carefully  dried  before  it  came  in 
contact  with  the  salts. 

I.    HYDRIODIC  ACID  AND  NITRATES. 

Sodium  nitrate  was  changed  by  the  gas  into  iodide.  One 
approximate  result  may  be  given  : 

0.1039  gram  of  sodium  nitrate  gave  0.1886  gram  of  sodium 
iodide,  instead  of  the  theoretical  0.1833  gram. 

Not  one  experiment  could  be  completed,  since  explosions  of 
considerable  violence  invariably  occurred.  A  dark  sublimate, 
apparently  iodine,  appeared  in  the  tube,  and  after  the  lapse  of  a 
quarter  of  an  hour  a  flash  of  fire  ran  through  the  tube,  accom- 
panied by  a  loud  report.  Not  succeeding  in  finding  a  method 
to  prevent  this,  further  work  was  abandoned.     These  explosions 
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were  doubtless  due  to  the  production  of  some  unstable  derivative 
of  nitrogen  and  iodine. 

Phosphates  were  not  altered  by  contact  with  hydriodic  acid 
gas. 

2.    HYDRIODIC  ACID  AND  ARSENATES. 

Sodium  pyroarsenate  was  employed.  In  the  cold  the  acid  gas 
produced  a  change.  Thus,  0.1592  gram  of  pyro-salt  gave 
0.2672  gram  of  sodium  iodide,  instead  of  0.2689  gram.  The 
arsenic  volatilized,  determined,  and  calculated  into  pyro-salt 
gave  0.1583  gram  instead  of  0.1592  gram.  As  explosions  oc- 
curred in  all  the  trials  made  we  concluded  to  abandon  the  stud3\ 

It  may  not  be  uninteresting  to  present  a  scheme  of  the  ele- 
ments, composing  Group  V  of  the  periodic  system, 

Nitrogen      Phosphorus      Arsenic      Antimony      Bismuth 

14  31  75  120  164?  208 

Vanadium        Columbium        Didymium        Tantalum 
51  94  142  182, 

and  briefly  review  their  deportment  so  far  as  known,  when  acted 
upon  by  the  gaseous  haloids.  Nitrogen  is  fully  expelled  by  all 
of  them  from  nitrates.  Phosphorus,  existing  as  phosphates, 
apparently  is  absolutely  uninfluenced  and  remains  unaltered  in 
the  salts  with  which  experiments  were  tried.  Arsenic  is  only 
partially  volatilized  from  arsenates  by  hydrofluoric  acid  gas,  but 
is  completely  removed  by  any  one  of  the  remaining  haloid  acids. 
Antimony  is  fully  expelled  from  antimonates  by  hydrochloric  acid 
gas.  No  experiments  have  been  tried  with  bismuth.  Hydro- 
fluoric and  hydrobromic  acid  gas  volatilize  vanadium  in  part, 
while  its  removal  from  sodium  vanadate  by  hydrochloric  acid 
gas  is  complete.  We  have  no  knowledge  of  the  action  of 
hydriodic  acid.  Columbium  yields  volatile  products  with  both 
hydrochloric  and  hydrobromic  acid  vapors.  Didymium  has 
never  been  subjected  to  this  treatment.  Tantalum  is  but 
slightly  affected  by  the  vapors  of  hydrochloric  acid,  although  it 
has  long  been  known  that  both  the"  oxide  of  columbium  and 
that  of  tantalum  are  volatilized  to  a  marked  degree  when  heated 
with  aqueous  hydrofluoric  acid. 

University  of  Pennsylvania. 
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By  t,.,  db  Koninoh. 

Received  June  3,  x89S' 

THE  April  number  of  this  Journal  (289-295)  contains  a 
criticism,  by  Twitchell,  of  some  processes  for  the  separa- 
tion of  solid  and  liquid  fatty  acids.  Being  joint  author  with 
Muter  of  the  process  referred  to  on  page  290,  I  wish  to  make  a 
few  observations. 

The  author  states  that  he  carefully  carried  out  Muter's  instruc- 
tions in  all  important  details.  I  beg  to  differ  from  him.  We 
work  directly  on  the  fat  and  not  on  the  fatty  acids  isolated  there- 
from. We  do  not  5ozl  with  ether  to  dissolve  the  lead  oleate,  and 
after  having  taken  the  trouble  to  expel  the  ether  by  means  of  a 
current  of  carbonic  acid  we  do  not  undo  any  good  this  may  have 
done  by  passing  a  current  of  air,  but  add  the  Hiibl  solution 
directly,  as  we  know  the  weight  of  the  oleic  acid  by  a  previous 
titration.  I  feel  sure,  however,  that  there  is  a  deal  of  exaggera- 
tion about  all  this  danger  of  oxidation. 

The  lead  oleate  is  precipitated  as  a  bulky  semi-fused  mass 
which  soon  solidifies,  and  if  ever  so  sensitive  to  oxygen  can  only 
be  affected  very  superficially.  When  dissolving  in  ether  the 
flask  is  nearly  filled  and  the  little  air  remaining  is  practically 
expelled  by  ether  vapor,  so  that  the  few  cc.  of  oxygen  left  cer- 
tainly cannot  cause  a  great  oxidation.  Even  on  filtering,  the 
air  is  not  likely  to  act  much  on  a  liquid  which  is  always  in  an 
active  state  of  evaporation  and  consequently  repels  the  air.  I 
feel  sure  that  lead  stearate  and  palmitate  are  insoluble  in  ether; 
then  when  carrying  out  the  separation  from  the  oleate,  there 
soon  comes  a  time  when  the  filtrate  no  longer  colors  with  ammo- 
nium sulphide.  The  author's  suggestion,  that  it  may  be  more 
soluble  in  ether  containing  lead  oleate,  is  not  supported  by  my 
own  experience.  Then  Muter  and  I  have  stated  in  the  Analyst, 
15,  49,  that  the  liquid  acid  from  tallow  gives  practically  the 
iodine  figure  of  pure  oleic  acid.  For  lard  acid  we  found,  how- 
ever, ninety-three  to  ninety-four  per  cent.,  and  I  am  pleased  to 
see  Twitchell's  confirmation  of  this  figure. 
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As  gold  alloys  containing  too  little  silver  cannot  be  parted  by 
means  of  nitric  acid,  so  the  separation  of  lead  oleate  from  lead 
stearate  fails  if  too  little  of  the  former  is  present.  I  published, 
two  years  ago,  a  short  article  in  the  Chem,  News,  66,  259, 
dealing  with  this  subject,  and  refer  to  the  same. 
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By  Albert  R.  Imbeds. 

Received  May  ai,.  1895. 

RECENTLY,  having  occasion  to  determine  the  acetic  acid  in 
many  samples  of  vinegar,  I  was  surprised  to  find  how 
'vague  and  unsatisfactory  are  the  directions  relating  to  this  sim- 
ple matter  in  many  text-books  and  manuals  for  public  analysts. 

One  of  the  latter  recommends  that  fifty*  cc.  of  vinegar  should 
be  used  and  the  titration  performed  with  soda,  no  particular 
strength  or  indicator  being  mentioned.  Another,  in  general 
terms,  calls  attention  to  the  fact  that  only  approximate  results 
can  be  obtained  with  soda,  its  acetate  having  a  feeble  alkaline 
reaction.  The  indicator,  in  the  presence  of  which  it  so  reacts, 
is  not  stated.  Sutton's  Volumetric  Analysis  calls  attention  to 
the  necessity  of  substituting  phenolphthalein  for  litmus,  the  ace- 
tates of  the  alkalies  and  alkaline  earths  having  a  perfectly  neu- 
tral reaction  to  the  former.  He  further  adds  that  colored  vine- 
gars may  be  so  titrated  even  when  highly  diluted. 

Beginning  with  twenty-five  cc,  which  I  found  at  once  to  be 
much  too  large  a  quantity,  and  using  seminormal  acid  soda  as  a 
convenient  strength  of  alkali,  I  presently  reduced  the  volume  of 
vinegar  to  ten  cc.  and  finally  to  five  cc.  When  this  was  diluted 
with  fifty  cc.  of  water  in  a  white  porcelain  dish,  and  phenol- 
phthalein was  used  as  indicator,  the  end  reaction  was  satisfactory, 
except  in  the  case  of  highly  colored  vinegars.  In  these  it  is  not 
sharp.  Nor  can  litmus  paper  or  litmus  solution  be  satisfactorily 
used  with  them.  Litmus  gives  not  only  a  lower  reading,  but 
lower  by  a  very  variable  amount  in  different  vinegars.  Sixteen 
samples  tested  as  above  described  gave  percentages  ranging 
from  2.63  percent,  to  5.65  per  cent.,  with  a  mean  of  4.49.  A 
mixture  made  up  of  twenty-five  cc.  of  each,  gave  4.44  per  cent. 
The  color  of  these  samples  was  white  to  dark  brown. 
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According  to  Sutton,  Pettenkoffer  titrates  vinegar  with  a 
known  excess  of  baryta  and  estimates  the  excess  with  decinor- 
mal  nitric  or  oxalic  acid  by  the  help  of  turmeric  paper. 

Thinking  that  baryta  might  give  a  sharper  reaction,  though 
not  discerning  any  advantage  in  the  use  of  decinormal  oxalic  or 
nitric  acid,  I  used  an  approximately  decinormal  baryta  solution 
^vith  phenolphthalein  and  decinormal  hydrochloric  acid.  The 
results  agreed  to  o.oi  per  cent,  with  those  obtained  with  soda, 
and  ordinarily  the  latter  would  be  the  more  convenient  and  pre- 
ferable reagent. 

Sutton  recommends  as  a  process  applicable  in  all  cases  and 
however  dark  the  vinegar  may  be,  the  method  of  C.  Mohr, 
which  consists  in  adding  to  a  known  quantity  of  the  vinegar  a 
known  excess  of  barium  or  calcium  carbonate  in  fine  powder. 
Pure  calcium  carbonate,  he  states,  is  preferable,  as.it  dissolves 
more  readily. 

In  his  excellent  manual  on  **  Foods**  page  51.8,  Blyth  adds: 
**  If  absolutely  accurate  determinations  are  required,  it  is  best  to 
add  an  excess  of  pure  calcium  carbonate  to  a  known  weight ; 
the  liquid  is  boiled,  filtered,  and  the  residual  carbonate  dissolved 
in  slight  excess  of  normal  hydrochloric  acid  and  titrated  back 
with  soda  and  cochineal.  From  the  amount  of  carbonate  thus 
found  to  have  been  unacted  upon,  the  total  acidity  is  calculated.'* 

This  process  failed  entirely  in  my  hands  ;  I  took  fifty  cc.  of 
the  vinegar  and  added  two  and  a  half  grams  of  pure  precipitated 
calcium  carbonate  in  fine  powder.  The  flask  was  corked  loosely 
and  shaken  many  times  each  day  during  the  course  of  six  days, 
at  the  end  of  which  time  the  contents  were  still  acid.  Also,  the 
flask  was  gently  heated  at  intervals  some  five  to  six  hours  in  all. 
The  acetic  acid  still  remaining,  after  filtering  off .  the  calcium 
carbonate,  amounted  to  nine-tenths  per  cent.  The  figure  calcu- 
lated from  the  residual  carbonsCte  corresponded  to  3.64  per  cent., 
or  a  total  of  4.54  per  cent,  as  against  4.44  per  cent.,  found 
directlv  with  sodai. 

Regarding  the  amount  of  vinegar  as  too  large  and  the  diffi- 
culty as  probably  due  to  the  slowness  with  which  a  very  dilute 
solution  of  acid  decomposed  the  carbonate  towards  the  end  of 
the  reaction,  I  then  treated  ten  cc.  with  excess  of  carbonate  for 
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two  hours  under  a  return-condenser.  This  was  somewhat  more 
successful,  the  liquid  containing  0.72  per  cent,  and  the  figure 
calculated  from  the  residual  carbonate  corresponded  to  3.85  per 
cent. — a  total  of  4.57  per  cent. 

The  true  percentage  being  thus  rendered  very  doubtful,  I 
then  had  recourse  to  another  recommended  by  Blyth.  He 
states,  page  517,  that  the  strength  may  be  accurately  estimated 
by  distilling  no  cc.  until  100  cc.  have  been  drawn  over,  i.  e,, 
ten-elevenths.*'  The  100  cc.  will  contain  eighty  per  cent,  of  the 
entire  acid  present  in  the  no  cc,  and  may  be  titrated  ;  or  the 
specific  gravity  of  the  distillate  may  be  taken  and  the  strength 
found  from  the  following  table :  **  A  trial  by  this  method  yielded 
a  distillate  with  specific  gravity  of  1.055  at  15**,  corresponding 
in  the  table  given  to  4.25  per  cent. ;  in  One  trial,  the  distillate 
should  by  titration,  4.23  per  cent.,  in  another,  4.24.  Assum- 
ing for  reasons  stated  below,  that  the  correct  percentage  was 
4.43,  these  figures  correspond  to  ninety-six  per  cent,  of  the  acid 
instead  of  eighty. 

The  method  of  distillation  was  then  varied  in  the  following 
manner  :  Ten  cc.  were  diluted  with  fifty  cc.  of  water  in  a  small 
retort  the  neck  of  which  was  inclined  upward  and  then  bent 
downward  to  join  the  condenser.  The  distillation  was  continued 
until  about  two  cc.  remained  in  the  retort  when  another  fifty  cc. 
of  water  was  added  and  the  distillation  repeated — in  all  four 
times.  The  distillates  had  a  faint  acetous,  mingled  with  a  pro- 
nounced hop-like  odor,  on  adding  silver  nitrate  they  presently 
darkened  and  on  standing  threw  down  a  black  deposit.  They 
contained  : 

^-  3-73    pc  cent,  of  acid,  equivalent  to  83.2  per  cent,  of  total. 
2.  0.54  '*  "      *'  **  **    12.1        '*  **      '* 


<<  <f      II 


3.  0.081        •*  "      "  *•  **     1.8 

4.  0.041        **  **     *'  *'  *'     0.9       **  "     ** 

During  this  long  process  I  had  obtained  only  4.39  per  cent, 
acid  or  ninety-nine  per  cent,  of  the  total. 

The  distillation  was  repeated  in  the  same  manner,  using  ten 
"CC.  of  vinegar  and  fifty  cc.  of  water  in  three  successive  additions, 
but  the  vinegar  had  previously  been  strongly  fortified  with  phos- 
phoric acid.     One  trial  gave  4.507  per  cent,  acid,  another  4.514. 
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The  distillates  gave  no  reaction  for  chlorine,  and  possibly  the 
high  figure  was  due  to  the  presence  of  a  little  acetate. 

Finally,  in  order  to  get  rid  of  the  disturbing  influence  of  the 
coloring  mattersf  the  following  method  was  adopted.  Fifty  cc. 
of  vinegar  with  fifty  cc,  of  water  and  a  drop  of  phenolphthalein 
were  titrated  with  decinormal  baryta,  the  latter  being  added  to 
three  cc.  in  excess,  and  then  followed  by  five  cc.  of  decinormal 
sulphuric  acid.  Whether  the  precipitates  were  allowed  to  settle 
in  the  cold  or  with  warming,  appeared  to  make  no  difference  in 
the  results,  the  coloring-matters  being  carried  down  very  nicely. 
In  one  trial  the  precipitate  was  filtered  off  and  thoroughly  washed 
before  titrating  back  with  acid  :  in  another,  the  assay  was  made 
up  to  lOO  cc.  in  a  graduate  and  twenty-five  cc.  were  pipetted  off 
and  titrated.  The  former  corresponded  to  4.48  per  cent.,  the 
latter  to  4.52  percent.  The  bulk  of  the  precipitate  was  approxi- 
mately one  cc,  and  making  the  requisite  correction  gives  us 
4.48  for  the  latter  result  also. 

These  figures  being  higher  than  those  obtained  directly,  I 
then  went  back  to  the  use  of  turmeric,  so  highly  recommended 
by  Pettenkofer,  and  obtained  4.43  per  cent.  With  great  care  in 
the  observation  of  the  first  brown  ring  which  forms  in  the  pres- 
ence of  the  slightest  excess  of  baryta,  when  a  drop  of  the  titrated 
solution  is  brought  upon  turmuric  paper,  the  end  reaction  can 
be  detected  with  certainty.  The  reading  is  lower  than  that  with 
phenolphthalein  and  may  be  relied  upon  even  with  highly  colored 
vinegars.  For  ordinary  purposes,  however,  the  latter  indicator 
with  decinormal  soda  is  adequate. 
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An  Elementary  Course  in  Experimental  and  Analytical  Chemis- 
try. By  John  H.  Long,  M.S.,  SC.D.,  Professor  of  Chemistry  and 
Director  of  the  Chemical  iJaboratories  of  the  Schools  of  Medi- 
cine AND  Pharmacy  of  Northwestern  University,  pp.  507.  Chi- 
cago^: E.  H.  Colegrove  &  Co. 

This  book  considers  three  subjects.  Part  I,  covering  275 
pages,  is  devoted  to  experimental  chemistry.  The  first  chapter 
presents  experiments  in  crystallization,  in  distillation,  and  those 
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that  show  the  difference  between  physics  arid  chemistry.  In  the 
second  chapter,  oxygen,  hydrogen,  and  their  compounds  are 
considered.  The  halogens  and  their  derivatives  constitute  the 
third  chapter.  At  this  point  elements  and  compounds,  as  well  as 
the  use  of  symbols,  are  discussed.  Nitrogen  and  the  atmosphere 
are  the  subjects  of  experimentation  in  chapter  four,  while  the 
fifth,  sixth,  and  seventh  chapters  are  occupied  by  the  other  fre- 
"quently  occurring  non-metals  and  their  derivatives.  Seven  chap- 
ters follow ;  in  them  facts  relating  to  the  more  important  metals 
are  presented  in  simple  experiments.  Anal5rtical  tests  follow 
each  metal.  Combining  weights,  the  atomic  hypothesis,  and 
valency  are  considered  immediately  after  the  metal  magnesium. 
It  may  be  inferred  from  this  that  the  author  advocates  first  giving 
to  the  student  an  abundance  of  facts  before  deducing  theories  or 
entering  upon  a  discussion  of  fundamental  principles"  This 
thought  is  constantly  before  the  reader  throughout  the  entire 
book.  The  explanations  accompanying  the  numerous  experi- 
ments in  Part  I  are  clear  and  to  the  point.  It  must  be  admitted 
that  the  author  has  presented  his  subject  in  such  a  manner  that 
good  will  result.  Part  II  (twelve  chapters)  is  given  to  qualita- 
tive analysis.  The  subject-matter  is  not  exhaustive,  but  here, 
as  in  Part  I,  types  are  presented  to  the  student.  These  he  works 
out  in  detail,  being  assisted  in  his  efforts  by  valuable  explana- 
tory remarks  on  the  part  of  the  author.  Part  III  considers  the 
elements  of  volumetric  analysis.  The  examples  selected  for  work 
are  typical  and  cover  a  wide  field.  Recent  methods  of  value 
have  not  been  overlooked.  In  this  section,  as  in  the  two  pre- 
ceding sections,  the  author  has  presented  all  the  subject-jnatter 
in  a  very  clear  style.  In  short,  after  careful  inspection  of  the 
book  one  lays  it  down  with  the  conviction  that  it  possesses  great 
merit ;  it  is  an  excellent  book  and  worthy  of  commendation. 

Edgar  F.  Smith. 

El^BMBNTS  OF  MlNERAI«OGV,  CRYSTALLOGRAPHY  AND  BLOWPIPE  ANAL- 
YSIS. By  Alfred  J.  Moses  and  Chas.  I^.  Parsons,  pp.  342,  with  illus- 
trations.    New  York:  D.  Van  Nostrand  Co.,  1895. 

This  work,  as  indicated  in  its  preface,  is  mainly  intended  for 
use  as  a  text-book.     It  is  divided  into  four  parts:  I.  Crystallog- 
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raphy;    II.  Blowpipe  Analysis;    III.  Descriptive  Mineralogy; 
IV.  Determinative  Mineralogy. 

The  authors  have  given  considerable  space  to  crystallography, 
having  devoted  about  one-fourth  of  the  entire  volume  to  the  sub- 
ject.    The  text  is  well  written  and  fully  illustrated. 

In  part  II,  after  a  chapter  devoted  to  the  apparatus,  flame, 
etc.,  there  is  given  a  detailed  description  of  the  *' Operations  of 
Blowpipe  Analysis,'*  the  reagents  employed,  and  the  results  ob-»* 
tained  in  the  various  manipulations.  This  is  followed  by  a  se- 
ries of  *'  Useful  Tests  with  the  Blowpipe*'  on  all  of  the  principal 
elements.  A  valuable  feature  of  this  last  chapter  is  a  list  of  *  *  In- 
terfering Elements,'*  which  follows  tests  given  for  each  element 
and  in  which  directions  are  given  for  obtaining  the  proper  reac- 
tions. The  section  is  concluded  by  a  chapter  on  * '  Schemes  for 
Qualitative  Blowpipe  Analysis." 

Part  III,  on  Descriptive  Mineralogy,  occupies  the  major  part 
of  the  book.  The  two  first  chapters  treat  of  the  physical  char- 
acters and  chemical  composition  of  minerals.  While  the  defini- 
tions of  terms  are  clear  and  concise,  they  are  in  a  few  cases 
abridged  to  incompleteness  and  explanation  of  the  optical  and 
magnetic  properties  are  omitted  entirely. 

The  remaining  chapters  describe  the  vapous  minerals  under 
the  heads  of  the  elements  forming  their  principal  component  parts. 
A  distinguishing  and  most  useful  feature  of  this  part  of  the  work 
are  the  general  remarks  at  the  beginning  of  each  chapter  con- 
cerning the  economic  uses  of  most  of  the  important  minerals  and 
ores. 

The  book  would  be  more  useful  as  one  of  reference,  partic- 
ularly to  the  analyst,  if  more  attention  had  been  given  to  the 
percentage  composition.  Many  minerals  have  it  in  full,  others 
only  partially,  while  not  a  few  have  the  formula  only  given. 

Part  IV  consists  of  a  number  of  tables  of  the  usual  tests  for  the 
rapid  determination  of  minerals. 

The  arrangement  of  the  book  as  a  whole  is  excellent,  and 
although  the  subject  matter  has  been  fcirgely  condensed,  the 
elimination  of  less  important  details  has  made  it  much  more 
practical  than  text  books  usually  are,  and  it  should  be  found  use- 
ful to  the  professional  mineralogist  and  chemist. 

H.  B.  Baldwin. 
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AMONG  the  problems  presented  to  the  sub-committee  on 
Methods  of  the  International  Steel  Standards  Committee, 
in  the  choice  of  a  method  for  the  determination  of  phosphorus 
in  steel,  none  seemed  more  important  than  those  involved  in  the 
composition  of  ammonium  phosphomolybdate,  and  the  reducing 
action  of  zinc  on  the  molybdic  acid  of  tnis  salt  under  different 
conditions.  The  object  of  this  investigation  was  to  present  data 
for  the  settlement  of  this  question. 

COMPOSITION  OP  AMMONIUM  PHOSPHOMOLYBDATE. 

In  the  preparation  of  ammonium  phosphomolybdate  the 
method  usually  followed  was  to  precipitate  the  salt  by  adding  a 
solution  of  microcosmic  salt  to  a  solution  of  ammonium  molyb- 
date  in  nitric  acid ;  but  Doolittle  and  Eavenson*  showed  that 
ammonium  phosphomolybdate  precipitated  from  a  solution  con- 
taining a  large  excess  of  ferric  nitrate  had  essentially  the  same 
composition  as  that  obtained  by  following  the  usual  method  of 
procedure. 

In  the  investigation  which  we  have  made>  we  prepared  a 
number  of  samples  under  different  conditions  and  made  careful 
analysis  of  each  as  a  basis  for  our  work. 

1  This  Journal,  16,  234. 
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Sample  i. — Prepared  by  dissolving  twenty  grams  of  steel  free 
from  arsenic  in  nitric  acid,  adding  twenty-five  cc.  of  a  saturated 
solution  of  microcosmic  salt,  evaporating  to  dryness,  heating  until 
the  ferric  nitrate  was  decomposed,  dissolving  in  hydrochloric 
acid,  diluting,  filtering,  evaporating  to  syrupy  consistency,  and 
then  evaporating  three  times  with  excess  of  nitric  acid  to  remove 
the  hydrochloric  acid.  The  solution  was  diluted*  to  one  liter, 
heated  to  about  60**  C,  and  poured  into  one  liter  of  molybdate 
solution.  The  precipitate  was  allowed  to  settle,  the  supernatant 
liquid  was  decanted,  and  the  precipitSate  was  washed  by  decan- 
tation  with  water  containing  one  per  cent,  of  nitric  acid  and 
finally  filtered,  washed,  dried,  removed  from  the  filter,  and  heated 
to  150°  C.  for  five  hours. 

Sample  2, — Prepared  by  partially  neutralizing  the  first  decan- 
tation  from  sample  i,  adding  twenty-five  cc.  more  of  the 
same  microcosmic  salt,  washing,  and  drying  the  precipitate  as 
above. 

Sample  j, — Prepared  by  pouring  a  solution  of  microcosmic  salt 
acidulated  by  nitric  acid  into  molybdate  solution,  washing  with 
water  containing  one  per  cent,  of  nitric  acid,  and  filtering.  A 
portion  of  this  precipitate  was  dried  at  150**  C.  for  eight  hours 
for  sample  3. 

Sample  4, — Prepared  by  taking  a  second  portion  of  the  pre- 
cipitate above,  washing  with  ice-water  and  drying  over  potas- 
sium hydroxide  at  the  ordinary  temperature  for  three  months. 

Sample^, — Prepared  by  taking  a  third  portion  of  the  same 
precipitate,  washing  again  with  water  containing  one  per  cent, 
of  nitric  acid,  and  drying  in  the  same  manner  as  sample  4. 

Sample  6, — The  same  as  sample  5,  but  digested  and  washed  be- 
fore drying  with  water  containing  five  per  cent,  of  nitric  acid. 

Sample  7. — The  same  as  samples,  but  dijrested  and  washed 
with  water  containing  ten  per  cent,  of  nitric  acid. 

Sample  8, — Prepared  by  dissolving  ferric  oxide  (obtained  by 
igniting  pure  ferric  oxalate)  in  hydrochloric  acid,  adding  five 
per  cent,  of  pure  phosphoric  anhydride,  evaporating  off  the 
hydrochloric  acid  with  nitric  acid,  heating  to  80°  C,  adding  an 


AMMONIUM    PHOSPHOMOLYBDATE.  749 

excess  of  molybdate  solution  at  20°  C,  shaking  in  a  large  flask 
for  three  minutes  and  washing  with  water  containing  one  per 
cent,  of  nitric  acid.  After  thorough  washing,  the  precipitate 
was  digested  with  consecutive  portions  of  water,  containing 
varying  amounts  of  nitric  acid  and  with  water  containing  nitric 
acid  and  ammonium  nitrate.  Then  after  standing  two  months 
with  half  a  liter  of  water,  containing  five  per  cent,  of  nitric  acid, 
it  was  filtered,  washed  with  water  containing  five  per  cent,  of 
nitric  acid,  and  heated  to  100°  C.  for  five  hours. 

Sample  9. — Prepared  from  the  same  reagents,  and  in  the  same 
manner  as  sample  8.  Washed  by  decantation  with  water  contain- 
ing five  per  cent,  of  nitric  acid,  dried  at  100°  C.  for  eight 
hours. 

Sample  10. — Prepared  and  washed  in  the  same  manner  as 
sample  9,  but  dried  at  100*  for  twelve  hours. 

The  methods  emplo3'ed  in  the  anah'ses  of  these  samples  are 
the  usual  ones  except  that  for  the  determination  of  water,  and 
a   general  description  'will   be   sufficient. 

As  the  salt  is  very  hygroscopic  the  samples  were  in  all  cases 
placed  in  drying  tubes  with  glass  stoppers,  heated  to  the 
temperature  indicated,  cooled  over  fused  potassium  hydroxide, 
and  weighed  out  b}'  difference. 

DETERMINATION  OF  PHOSPHORIC  AND  MOLYBDIC  ACIDS. 

About  two  grams  of  the  salt  was  weighed  out  b}'  difference 
into  a  beaker,  dissolved  in  twenty-five  cc.  of  ammonia  (0.96  sp. 
gr.)  transferred  to  a  carefully  calibrated  half  liter  flask  and 
diluted  to  the  mark  with  water.  The  solution  was  thoroughh- 
mixed  by  pouring  it  into  a  dry  beaker  and  back  into  the  flask 
several  times.  By  means  of  a  pipette,  which  had  been  carefully 
tested  against  the  flask,  100  cc.  (containing  about  four-tenths 
gram  of  the  salt)  was  measured  into  a  beaker  for  the  estima- 
tion of  the  molybdic  acid,  and  200  cc.  (containing  about  eight- 
tenths  gram  of  the  salt)  was  measured  into  another  beaker  for 
the  estimation  of  the  phosphoric  acid.  To  the  latter  was  added, 
drop  by  drop,  ten  cc.  of  magnesia  mixture  with  constant  stir- 
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ring,  then  fifty  cc.  of  ammonia  and  the  precipitated  ammonium 
magnesium  phosphate  was  allowed  to  stand  over  night.  The 
precipitate  was  filtered,  washed  with  ammonia  water,  dissolved 
on  the  filter  in  dilute  hydrochloric  acid,  made  slightly  alkaline 
with  ammonia,  ammonium  sulphide  added,  the  solution  acidu- 
lated with  hydrochloric  acid  and  hydrogen  sulphide  passed 
through  the  hot  solution  for  half  an  hour.  The  precipitated 
molybdenum  sulphide  was  filtered  off,  the  filtrate  was  boiled  to 
expel  hydrogen  sulphide  and  the  ammonium  magnesium 
phosphate  reprecipitated  as  before.  This  precipitate  was  filtered 
off,  burned  and  weighed  as  magnesium  pyrophosphate,  and  the 
phosphoric  acid  and  phosphorus  calculated  in  the  usual  way. 

The  solution  for  the  determination  of  molybdic  acid  was 
diluted  to  about  three-fourths  of  a  liter  with  hot  water,  heated 
to  boiling,  slightly  acidulated  with  acetic  acid  and  a  boiling 
solution  of  lead  acetate  (containing  about  three  grams  of  the 
salt)  was  added.  After  boiling  for  about  fifteen  minutes  the 
precipitate  was  allowed  to  settle,  decanted  through  an  asbestos 
filter  on  a  Gooch  crucible,  washed  thoroughly  by  decantation 
with  hot  water,  transferred  to  the  crucible,  dried  at  120**  C,  and 
weighed  as  the  mixed  lead  phosphate  and  molybdate. 

The  percentage  of  the  mixed  salts  was  calculated  and  from 
this  amount  was  subtracted  the  percentage  of  lead  phosphate 
found  by  multiplying  the  percentage  of  phosphorus  previously 
found  by  13.086.  The  difference  (lead  molybdate)  multiplied 
by  0.39242  gave  the  percentage  of  molybdic  acid. 

DETERMINATION  OF  AMMONIA. 

About  one  and  a  half  to  two  grams  of  the  salt  was  weighed 
out  into  a  funnel  inserted  in  the  neck  of  a  fractional  distillation 
flask  and  washed  down  into  the  flask  with  water.  The  flask 
was  fitted  with  a  stopper  carrying  a  bulb  tube  with  a  glass  stop- 
cock. The  side  tube  of  the  flask  was  fitted  into  a  glass  con- 
denser to  the  lower  end  of  which  was  attached  one  arm  of  a  large 
bulb  U  tube  containing  ten  cc.  of  hydrochloric  acid  and  twenty 
cc.  of  water.  The  other  arm  of  the  U  tube  was  fitted  with  a 
small  calcium  chloride  tube,  containing  broken  glass  moistened 
with  water.     Fifty  cc.  of  pure  potassium  hydroxide  (1.27  sp. 


AMMONIUM   PHOSPHOMOI^YBDATB,  75 1 

gr.)  was  admitted  to  the  distillation  flask  through  the  bulb  tube, 
and  the  ammonia  was  distilled  over.  The  contents  of  the  ||  tube 
were  •transferred  to  a  beaker,  platinic  chloride  added,  and  the 
ammonia  determined  in  the  usual  way. 

DETERMINATION  OF  WATER. 

The  determination  of  water  in  ammonium  phosphomolybdate 
offered  unexpected  difficulties.  After  repeated  trials  to  get  sat- 
isfactory results  by  heating  the  salt  with  sodium  tungstate  the 
following  method  was  adopted  : 

At  the  middle  point  of  a  tube  of  hard  glass  200  millimeters 
long,  and  nineteen  millimeters  in  diameter  was  fused  at  right 
angles  a  tube  thirty-seven  millimeters  long  and  nine  millimeters 
in  diameter.  In  the  small  tube  a  thermometer  was  fitted  with 
sheet  asbestos.  The  bulb  of  the  thermometer  extended  a  short 
distance  into  the  large  tube.  The  tube  was  placed  in  a  horizon- 
tal position  across  the  ring  of  an  iron  retort  holder,  the  middle 
of  it  being  protected  by  a  piece  of  sheet  copper  three  inches  long 
bent  around  it,  but  separated  from  it  by  sheet  asbestos.  The 
ends  of  the  tube  were  fitted  with  perforated  corks,  one  carrying 
a  small  glass  tube  for  the  passage  of  dry  air,  and  the  other  a  y 
tube  filled  with  calcium  chloride.  A  porcelain  boat  sixty-two 
millimeters  long  and  twelve  millimeters  wide  was  provided  to 
hold  the  salt. 

The  stand  holding  the  tube  now  closed  with  solid  stoppers 
was  placed  near  the  balance  case,  about  two  grams  of  the  salt 
was  weighed  out  by  difference  into  the  boat  which  was  imme- 
diately placed  in  the  tube,  and  the  latter  closed  by  the  corks. 
It  was  then  placed  in  position,  the  perforated  corks  substituted 
for  the  others  and  a  current  of  dry  air  passed  through  while  the 
tube  was  heated  by  a  Bunsen  burner  until  the  thermometer  reg- 
istered 250**  C.  The  increase  in  weight  of  the  calcium  chloride 
tube  gave  the  amount  of  water. 

The  only  danger  apprehended  was  that  of  decomposing  the 
salt  and  liberating  its  ammonia,  but  careful  experiments  made 
by  passing  the  air  over  the  salt  heated  to  250®  C.  and  into  Ness- 
ler's  solution  showed  that  no  trace  of  ammonia  was  given  off. 

The  results  of  the  analysis  of  the  samples  are  as  follows : 
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Ratio  of  Phos- 
Phosphoric        Mol^rbdic         Ammonium  phorus  to  loo 

Sample.  acid.  acid.  oxide  (NH4)tO.      Water.        molybdic  acid. 

Per  cent.  Per  cent.  Per  cent.          Per  cent. 

1  3.79  91.88  3.33  1.02  1.799 

2  3.79  91.63  3.39  1.30  ■  1.805 

3  3.80  91.67  3.34  1.22  I.810 

4  3*59  88.06  3.36  5.02  1.778 

5  3'63  89.07  ....  ....  1.786 

6  3*57  86.44  ••••  ••••  1.802 

7  3'5^  86.89  ....  •..•  1.789 

8  3.73  91-37  2.64  1.96  1.780 

9  3-79  92-33  3.12  0.71  1.790 
10  3.81  91-96  3-03  1. 17  1.807 

Average  for  the  ten  samples,         1.7946 

These  results  are  sufficient  to  show  remarkable  uniformity  in 
the  composition  of  ammonium  phosphomolybdate  precipitated 
under  varying  conditions  and  may  be  considered  as  practically 
answering  the  question  as  to  the  effect  of  the  presence  of  ferric 
nitrate  in  the  solution  from  which  the  precipitation  is  effected. 

There  are  two  points  worthy  of  remark  in  these  results. 
First,  the  variation  in  the  amounts  of  water  in  the  different  sam- 
ples, and  second,  the  variation  in  the  amounts  of  ammonia. 

The  explanation  of  the  first  point  is  found  probably  in  the 
temperature  of  drying,  that  of  the  second  in  the  washing  of  the 
precipitated  salt.  Sample  8,  which  was  digested  for  a  long  time 
with  dilute  nitric  acid,  had  lost  most  ammonia.  This  is 
borne  out  by  the  fact  that  the  ammonia  can  all  be  destroyed  by 
digestion  with  aqua  regia  and  phosphomolybdic  acid  crystallized 
out  from  the  solution.  In  this  connection  the  following  table  of 
calculated  composition  compared  with  results  obtained  by  analy- 
sis may  be  of  interest : 

Sampi«e  10. 


24  M0O3 3456 

PjOs 142 

3(NH4),0 156 

2H.,0 36 

4790 
Phosphorus  ratio 


Theory. 

Actual 
determination 

Per  cent. 

Per  cent. 

91.19 

91.96 

3-74 

3.81 

4.12 

3.03 

0.95 

1. 17 

100.00 

99-97 

1.794 

1.807 
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Sample  4. 

Actual 
Theory.         determination. 

Per  cent.  Per  cent. 

24M0O, 3456  87.45  88.06 

PA 142  3-59  3-59 

3(NHJ,0 156  3.95  3.36 

22H,0*-- 198  5.01  5.02 

3952  100.00  100.03 

Phosphorus  ratio i .  794  i .  778 

The  last  trace  of  water  seems  to  go  off  between  150*  and  250**  C, 
but  the  samples  having  been  prepared  and  analyzed  after  dry- 
ing at  or  below  150**  C  it  was  not  deemed  necessary  to  prepare 
the  anhydrous  salt  especially  as  it  is  very  hygroscopic.  In  view 
of  the  fact  that  the  variation  in  the  ratio  of  molybdic  acid  to 
phosphorus  is  so  small  (the  average  of  the  ten  samples  being 
1.7946)  we  may  without  hesitation  adopt  the  theoretical  ratio  of 

1.794. 
Samples  4,  5,  6,  and  7  were  prepared  to  test  the  accuracy  of 

the  statement  made  by  Hundeshagen'  that  the  precipitated  am- 
monium phosphomolybdate  washed  with  dilute  acid  and  dried 
in  a  desiccator  over  calcium  chloride  and  potassium  hydroxide 
had  the  composition 

12M0O,,  P,0.»  3(NH,),0,  4HNO,,  2H,0. 
Actual  tests  oi  these   samples  made  by  dissolving  weighed 
amounts  in  a  standard  solution  of  potassium  hydroxide  and  titra- 
ting back  with  standard  nitric  acid  gave  the  following  results : 

standard  alkali  re- 
quired to  neutralize 
one  gram  of  salt. 

No.  3 130.53 

*'    4 II9.14 

•*    5-. 121.25 

**    6 123.59 

Sample  7  was  unfortunately  used  up  in  the  preliminary  analy- 
sis and  none  remained  for  this  test,  but  as  No.  3  was  heated  to 
150**  C,  and  the  others  were  dried  as  described  above,  No.  4 
having  been  washed  with  water,  No.  5  with  one  per  cent,  nitric 
acid,  and  No.  6  with  five  per  cent,  nitric  acid  the  results  do  not 
seem  to  bear  out  Hundeshagen's  statement. 

1  Ch£m,  NgwSt  60, 168. 
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It  was  hoped  also,  that  the  neutralization  ( Handy *s)  method 
might  offer  some  advantages  over  the  reduction  method  for  the 
determination  of  phosphorus  in  steel,  but  the  hygroscopic  char- 
actor  of  the  ammonium  phosphomolybdate  and  the  lack  of  agree- 
ment in  the  results  obtained  caused  us  to  abandon  this  part  of 
the  investigation. 

THE  REDUCTION  OF  MOLYBDIC  ACID  BY  ZINC. 

When  a  solution  of  ammonium  phosphomolybdate  in  ammonia 
is  acidulated  with  sulphuric  acid  and  the  molybdic  acid  is 
reduced  by  metallic  zinc  it  was  claimed  by  Werncke  that  the 
reduction  was  not  to  the  form  Mo,0,  but  to  Mo.^O,,.  This 
theory  was  adopted  by  Emmerton  and  has  been  generally 
accepted  by  chemists  as  the  formula  to  be  used  in  the  determina- 
tion of  phosphorus  by  the  reduction  method.  When  Jones'  re- 
ductor  came  into  general  use  it  was  noticed  that  the  green  color 
of  the  reduced  solution  was  more  permanent  and  the  oxidation 
with  potassium  permanganate  was  from  this  color  and  not  from 
the  port- wine  color  referred  to  by  Emmerton.  Babbitt*  claimed 
that  the  reduction  was  to  a  point  between  Mo^O,  and  MOj,Oi, 
but  Noyes*  claimed  that  the  reduction  was  to  MOjO,. 

The  reactions  may  be  indicated  as  follows  for  the  subsequent 
oxidation  by  potassium  permanganate  : 

5Mo,,0,.+  i7K,Mn,0,=  60M0O3+  i7K,0  +  34MnO, 
5Mo,,0„  +  35K,Mn,0.  =  1 20M0O3  +  35K,0  -f  7oMnO, 
5Mo,0,  +  3K,Mn,0.  =  10M0O.  +  3K»0  +  6MnO, 
then  as 

loFeSO,  +  K,Mn,03+  8H,S0,  =  5Fe,(S0,).  +  K,SO,  + 

2MnSO,  +  8H,0; 
or  one  molecule  K,Mn,08  oxidizes  ten  molecules  of  iron  to  the 
ferric  condition,  and  we  have  for  the  ratio  of  iron  to  molybdic 
acid  100  to  90.756  in  the  first  case,  to  88.163  in  the  second,  and 
to  85.714  in  the  third. 

In  other  words,  we  must  multiply  the  value  of  the  permanga- 
nate solution  in  iron  by  0.90756,  by  0.88163,  or  by  0.85714  ac- 
cording to  the  theory  we  adopt  for  the  reducing  action  of  zinc 
on  the  solution  of  ammonium  phosphomolybdate. 

ly.  Anal.  Apph  Chem.  7,  165. 
2  This  Journal,  x6,  553. 
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The  differences  are  certainly  too  great  to  be  disregarded,  and 
it  becomes  necessary  to  decide  which  theorj'^  we  must  adopt. 

We  have,  therefore,  sought  to  discover  in  the  following  ex- 
periments, first,  what  conditions  affect  the  reduction,  and  sec- 
ondly, whether  the  methods  in  ordinary  use  are  capable  of  giv- 
ing uniform  results. 

First,  sample  lo,  containing  91.96  percent,  molybdic  acid  was 
selected  for  these  experiments  and  a  number  of  glass  stoppered 
weighing  tubes  were  filled  with  the  carefully  ground  and  dried  salt. 
About  two  grams  of  the  salt  was  weighed  by  difference  into  a 
beaker,  dissolved  in  five  cc.  ammonia  (0.96  sp.  gr.)  washed  out 
into  a  half  liter  flask,  diluted  to  the  mark  with  distilled  water, 
mixed  by  pouring  back  and  forth  into  a  dry  beaker,  and  meas- 
ured out  by  means  of  a  twenty-five  cc.  pipette,  carefully  tested 
with  the  flask  into  beakers.  Twenty  cc.  ammonia  (0.96  sp.  gr.)were 
added,  the  solution  was  acidulated  with  twenty-five  cc.  sul- 
phuric acid  (1-4)  and  passed  through  the  reductor.  The  re- 
duced solution  was  titrated  with  standard  permanganate  and  the 
molybdic  acid  calculated  by  the  proper  formula. 

The  reductor  shown  in  the  accompanying  sketch  was  used. 
This  form  of  reductor  was  suggested  by  Mr.  W.  P.  Barba  of  the 
Midvale  Steel  Co.,  a  member  of  the  sub-committee  on  Methods 
of  the  International  Steel  Standard  Committee,  and  has  been 
found  most  convenient. 

In  the  bottom  of  the  reductor  tube  A  was  placed  a  spiral  of 
platinum  wire,  on  top  of  this  a  piece  of  platinum  gauze,  a  wad 
of  glass  wool  six  millimeters  thick,  and  then  a  thin  film  of 
asbestos.  The  tube  was  filled  with  granulated  zinc  to  within 
thirty-seven  mm.  of  the  top  and  a  wad  of  glass  wool  twelve  mil- 
limeters thick  filling  the  diameter  of  the  tube  placed  on  top. 
This  served  to  distribute  the  acid  and  to  prevent  the  liberated 
hydrogen  from  spattering  the  solution  on  the  upper  part  of  the 
tube.  The  solution  having  been  placed  in  the  beaker  B,  the 
latter  was  placed  on  the  stand  C,  and  the  tube  D  placed  in  posi- 
tion. The  flask  P  having  been  attached,  the  block  E  was 
placed  under  it,  and  the  pump  having  been  connected  the  liquid 
was  drawn  over  from  B.'     When  the  liquid  in  B  was  almost  all 

i  See  seq.  for  use  of  dilate  sulphuric  acid  for  washing. 
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drawn  over,  the  sides  of  the  beaker  were  washed  down  and  then 
the  beaker  was  filled  with  water,  and  when  this  was  all  drawn 
over,  the  stopper  carrying  the  tube  D  was  removed  and  the  re- 


ductor  tube  was  filled  with  water  to  thoroughly  wash  out  the 
top  of  the  tube.  The  flask  was  removed,  the  end  of  the  reductor 
tube  washed  into  it,  the  sides  of  the  neck  of  the  flask  washed 
down  with  water,  and  the  reduced  liquid  was  titrated  in  the 
flask. 

In  making  a  blank  determination,  the  solution  was  made  up 
as  nearly  as  possible  to  the  composition  of  the  solution  of  the 
salt;  viz,,  twenty  cc.  ammonia,  twenty-five cc.  sulphuric  acid 
(1-4)  and  water  to  the  same  volume. 

In  giving  the  results  of  our  experiments,  it  seems  unnecessary 
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to  give  all  the  figures  as  they  comprise  several  hundred  in  num- 
ber, extending  over  a  period  of  six  months.  Only  those  illus- 
trating the  facts  of  interest  are  therefore  annexed. 

The  most  curious  result  obtained  was  in  an  effort  to  get  the 
greatest  possible  reduction  of  the  solution  by  repassing  it 
through  the  reductor,  heating  it  nearly  to  boiling  after  each 
passage.  In  the  third  passage,  the  solution  instead  of  coming 
through  greeq  in  color,  was  almost  colorless  and  the  green  oxide 
of  molybdenum  was  found  deposited  on  the  zinc  in  the  reductor. 
In  another  attempt  to  reduce  the  molybdic  acid  by  treating  the 
solution  in  a  flask  with  zinc  iq  a  current  of  hydrogen  at  a  boil- 
ing temperature,  redissolving  the  excess  of  zinc  by  sulphuric 
acid  admitted  through  a  funnel  tube,  allowing  the  solution  to 
cool  in  the  current  of  hydrogen  after  diluting  by  means  of  the 
funnel  tube  with  boiled  distilled  water  and  titrating  in  the  flask, 
the  following  results  were  obtained : 

Weight  of  phosphomolybdate 0.08784  grams. 

Volume  of  permanganate  requir^l 24.9  CC.-24.9  cc. 

Molybdic  acid  on  MojOj  theory 84.86  per  cent. 

"      **    Mo^^OsT*   **      87.28 

"      *'    Mo,.A»    **      89.85 

**  "      "    Mo  by  grav.  det 91-96       " 

showing  that  the  reduction  was  not  even  to  Mo„0,,. 

A  series  of  determinations  was  made  to  test  the  best  rate  of 
speed  for  passing  the  solution  through  the  reductor,  and  for  a 
column  of  zinc  from  two  hundred  to  two  hundred  and  fifty  mm.  no 
appreciable  difference  was  noticed  between  a  speed  of  two  min- 
utes and  one  of  ten  minutes  for  the  passage  of  a  solution  made 
up  in  the  usual  way.  except  that  it  was  necessary  to  follow  the 
solution  of  phosphomolybdate  by  dilute  sulphuric  acid  when 
the  rate  of  speed  was  very  slow  to  .avoid  leaving  some  molyb- 
denum trioxide  in  the  zinc.  This  precaution  was  finally  made 
a  part  of  every  determination  and  the  beaker  which  contained 
the  solution  to  be  reduced,  was  washed  down  with  a  hot  solu- 
tion of  sulphuric  acid  (ten  cc.  of  sulphuric  acid  (1-4)  diluted 
to  100  cc.)  and  the  operation  was  completed  by  washing  with 
water.  A  speed  of  about  two  minutes  was  finally  adopted  with 
a  hot  solution.     It  was  also  found  advisable  to  pour  fifteen  cc. 


758  ANDREW  A.  BLAIR   AND  J.  EDWARD  WHITFIELD. 

of  sulphuric  acid  (1-4)  into  the  titrating  flask,  before  attaching 
it  to  the  reductor. 

The  following  results  will  illustrate  the  effect  of  dilution : 

Weight  of  phos-  Volume  of  solu-      Permanganate  re-     MoO|  by  Mos^O^r 

quired  in  cc.  theory. 

Per  cent. 
9.0  88.83 

0.2  90.80 

18.35  90-55 

18.40  90.80 

46.40  91.59 

46.35  9149 

10. 1  85.76 

42.6  90.64 

20.9  88.94 

43.1  91.71 

21.0  89.36 
43.05  91.60 
21.5  91.49 

29.1  91.45 
29.05  91.29 

29.2  91.77 
29.1  91.45 

These  results  all  point  to  the  fact  that  it  is  desirable  to  have 
the  solution  sufficiently  concentrated,  and  a  volume  of  100  cc. 
was  finally  adopted  as  being  most  satisfactor}'^  for  general  use 
and  for  weights  of  phosphomolybdate  up  to  two-tenths  gram. 
With  greater  amounts  of  phosphomolybdate  it  is  necessary  to 
increase  not  only  the  volume  of  the  solution  but  also  the  amount 
of  sulphuric  acid  in  order  to  prevent  the  reprecipitation  of  the 
ammonium  phosphomolybdate  in  the  acid  solution. 

Many  variations  in  the  manipulation  were  tried,  such  as  pass- 
ing a  small  volume  of  dilute  sulphuric  acid  through  the  reduc- 
tor, following  this  with  the^  solution  of  phosphomolybdate  with- 
out allowing  any  air  to  pass  in  and  completing  the  operation  by 
washing  with  dilute  sulphuric  acid  and  water  which  had  been 
boiled  to  expel  the  air,  but  no  higher  results  were  obtained,  and 
we  concluded  that  the  reduction  was  practically  to  Mo,^0„  and 
not  to  Mo,0,. 

Secondly,  to  determine  whether  the  methods  in  ordinary  use 
would  give  results  agreeing  with  these,  it  was  determined  to 


phomolybdate. 

tions  in  cc 

0.03095 

175 

0.03095 

175 

0.06190 

175 

0.06190 

175 

0.15475 

175 

0.15475 

175 

0.03589 

500 

0.14356 

500 

0.07178 

500 

0.14356 

250 

0.07178 

250 

0.14356 

125 

0.07178 

125 

0.09720 

50 

0.09720 

50 

0.09720 

75     ' 

0.09720 

75 
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send  portions  of  this  sample  to  the  metabers  of  the  sub-commit- 
tee and  also  to  Prof.  Noyes  and  Mr.  Doolittle.  These  samples 
were  sent  in  the  weighing  tubes,  with  the  request  that  the  tube 
be  dried  at  loo''  C.for  about  an  hour  and  cooled  in  a  desiccator. 
Then  that  about  one  gram  be  weighed  out  by  difference,  dis- 
solved in  ammonia,  diluted  to  250  cc.  and  portions  of  twenty-five 
cc.  each  measured  off,  acidulated  and  titrated  in  the  usual  man- 
ner ;  then  that  the  results  be  returned  in  the  following  way ; 
weight  of  phosphomolybdate  used  for  the  reduction,  corrected 
volume  of  permanganate  required  for  the  oxidation,  value  of 
permanganate  in  iron.  These  returns  were  then  calculated, 
giving  the  following  interesting  results. 

MoO,  IN  Sampi^k  10  Phosphomoi«ybdatk. 

MogOa  theory.    Moa40s7  theory.    MO13O19  theory.    Gravimetric. 
Per  cent.  Per  cent.  Per  cent.  Per  cent. 

Blair 88.91  91-45  94-14  91-96 

Dudley 88.61  91. 11  93.83 

Drown 88.68  91.21  93-9© 

Shimer 88.22  90.74  93-41 

Doolittle  (Job) 90.47  93-05  95-8o 

Noyes 89.95  92.52  95.25 

Average 91.68  91-96 

May  we  not  conclude  from  these  results — 

First,  that  the  ratio  of  phosphorus  to  molybdic  acid  is  1.794? 

Second,  that  the  value  of  molydic  acid  as  compared  with  iron 
is  0.88163  according  to  the  theory  of  reduction  of  the  molybdic 
acid  to  Mo.^O,,  ? 

MOI<YBDATE    SOI^UTION. 

In  the  course  of  this  investigation,  our  attention  was  naturally 
called  to  the 'stability  of  molybdate  solutions  and  the  composition 
of  the  yellow  precipitate  which  forms  sooner  or  later  in  nearly  all 
these  solutions. 

This  precipitate  carefully  collected,  washed  with  dilute  nitric 
acid  and  then  with  cold  water  and  dried  over  sulphuric  acid  was 
bright  orange  colored  and  contained  by  analysis, 

Molybdic  acid 90-43 

Water  at  250°  C 9.61 

Phosphoric  acid None 

Ammonia Traces 
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When  heated  the  precipitate  became  white  and  was  in  fact 
molybdic  anhydride.  As  ammonium  phosphomolybdate  is  much 
less  soluble  in  dilute  nitric  acid  containing  ammonium  nitrate 
than  in  dilute  nitric  acid  alone,  we  considered  it  possible  that  the 
excess  of  ammonium  nitrate  might  be  the  cause  of  the  instability 
of  these  solutions  and  an  experiment  showed  this  to  be  the  case. 
We  found  that  the  solution  prepared  according  to  the  following 
formula  remained  practically  unaltered  for  several  months  and 
gave  exactly  the  same  results  as  a  fresh  solution  when  used  for 
the  determination  of  phosphorus  in  steel.  The  following  is  the 
formula  and  method  of  preparation : 

One  hundred  grams  of  molybdic  anhydride  was  thoroughly 
mixed  with  400  cc.  of  cold  distilled  water  and  eighty  cc.  of  am- 
monia (0.91  sp.  gr.)  was  added.  This  completely  dissolved  the 
molybdic  acid.  The  solution,  after  filtering  to  remove  any  silica 
or  dirt,  was  poured  into  a  mixture  of  300  cc.  nitric  acid  (1.42  sp. 
gr.)  and  700  cc.  water.  The  solution  did  not  become  very  warm 
and  there  was  very  little  tendencj''  on  the  part  of  the  molybdic 
acid  to  separate  out  during  the  mixing. 

I^ABORATORY  OF  BOOTH,  GARRETT  &  BLAIR, 
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^^11  /HO  has  first  seen  ferric  acid  ?'*  This  question  forms 
V  V  the  pertinent  title  of  a  controversial  article  in  the 
/.  Praki,  Chem,,  82,  448,  and  it  is  there  stated  that  G.  E.  Stahl 
discovered  that  when  saltpeter  is  ignited  with  iron  and  the  mass 
is  added  to  water,  the  caustic  alkali  resulting  from  the  decom- 
position of  the  saltpeter  holds  a  part  of  the  iron  in  solution  and 
produces  an  amethyst  or  purple  color.  He  also  stated  that 
if  dilute  solutions  of  iron  in  nitric  acid  are  poured  in  successive 
small  portions  into  a  strong  solution  of  caustic  potash  the  iron  is 
dissolved  on  shaking,  with  a  blood-red  color. 

While  verifying  the  accuracy  of  the  former  I  have  not  been 
able  to  reproduce  the  latter  of  these  reactions.     On  its  face  it 

1  Read  at  the  Brooklyn  meeting. 
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looks  SO  improbable  tbat  it  must  be  believed  that  the  statement 
is  erroneous.  Probably  the  nitric  acid  that  Stahl  used  con- 
tained sufficient  hydrochloric  acid  to  make  the  reaction  possible. 
Be  this  as  it  may,  certain  it  is  that  the  direction  given  by  Stahl 
for  making  potassium  ferrate  in  the  dry  way,  through  the  igni- 
tion of  saltpeter  with  iron,  is  sufficiently  clear  to  be  success- 
fully followed,  so  that  he  is  undoubtedly  entitled  to  the  credit  of 
being  the  discoverer  of  ferric  acid. 

As  recently  as  in  Muir  &  Morley*s  edition  of  Watt's  Dic- 
tionary of  Chemistry,  I^ndon,  1889,  page  547,  it  is  stated 
that  **  Stahl  noticed  in  1702  that  a  violet  solution  is  obtained 
by  fusing  iron  with  saltpeter  and  washing  with  water  or  by  add- 
ing a  solution  of  iron  in  HNO,  to  cone.  KOH  aq.,"  which 
shows  that  these  two  editors  had  nowhere  found  a  correction  of 
the  erroneous  statement  of  Stahl,  nor  has  a  correction  been  pub-, 
lished  by  any  one  until  now. 

In  1802  potassium  ferrate  was  rediscoveredby  Ekeberg,  while 
fusing  gadolinite,  which  is  a  silicate  of  yttrium,  beryllium,  and 
iron,  with  caustic  potash.  In  this  experiment  the  ferric  oxide, 
of  which  the  gadolinite  contains  sixteen  per  cent.,  was  oxidized 
in  the  presence  of  caustic  potash  so  as  to  form  potassium  ferrate. 
However,  neither  Stahl  nor  Ekeberg  examined  the  character  of 
the  iron  compound  which  resulted  from  the  reaction  with  the 
caustic  potash,  either  added  or  produced  in  the  process,  and 
which  gave  rise  to  the  claret  color  observed. 

When  Fremy  undertook  an  investigation  of  those  compounds 
of  the  metallic  oxides,  in  which  the  latter  play  the  part  of  acid 
metallic  anhydrides,  he  very  soon  rediscovered  the  solution  of 
ferric  oxide  in  caustic  potash.  In  this  solution  he  found  that 
the  oxide  did  not  exist  as  ordinary  ferric  oxide,  FCjOj,  but  that 
it  contained  more  oxygen  than  the  latter,  the  quantity  of  oxygen 
contained  corresponding  roughly,  or  as  closely  as  it  was  possi- 
ble to  analytically  determine  the  constitution  of  an  impure  and 
somewhat  variable  body,  such  as  barium  ferrate,  to  the  formula 
FeO,,  a  result  which  has  since  been  confirmed  by  J.  Denham 
Smith  and  H.  Rose. 

The  accounts  of  Fremy's  work  were  published  from  time  to 
time  in  a  number  of  scientific  periodicals,    commencing   with 
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January,  1841,  when  he  states  that  the  compound  of  oxide  of 
iron  and  potash  which  is  soluble  in  water  corresponds  in  compo- 
sition to  the  manganates,  and  in  1842  the  new  compound  was 
called  by  him  ferric  acid,  though  the  name  had  already  been 
suggested  by  J.  Denham  Smith  in  Phil.  Mag.  Ser.  [3],  19,  302. 

Besides  producing  potassium  ferrate  by  the  methods  of  Stahl 
and  Ekeberg,  which  were  unknown  to  him,  Fremy  also  obtained 
it  by  electrolyzing  caustic  potash  with  an  anode  of  cast  iron  and 
also  by  introducing  chlorine  into  a  solution  of  caustic  potash 
containing  ferric  hydroxide  in  suspension.  In  addition  he  pro- 
duced this  salt  by  heating  iron  with  potassium  dioxide. 

In  attempting  to  produce  sodium  ferrate  by  such  processes  as 
Stahl  and  Ekeberg  had  used  to  produce  potassium  ferrate  he 
failed.  Not  only  did  Premy  fail  in  his  attempts  to  produce 
sodium  ferrate  in  the  dry  way,  but  there  is  not  to  be  found  in 
the  literature  bf  the  subject  any  account  of  anybody  else  who 
has  succeeded  in  doing  so  or  who  has  ever  suggested  the  possi- 
bility of  its  being  accomplished.  In  fact  the  statement  occurs 
in  chemical  literature  that  sodium  ferrate  cannot  be  made  except 
in  the  wet  way.  Thus  in  Wurtz*  Dictionnaire  de  Chimie,  Vol- 
ume I,  Part  2,  page  141 3,  the  following  is  found  :  **  Sodium 
ferrate  is  soluble  in  water  and  cannot  be  prepared  except  in  the 
wet  way.*' 

Bloxam  prepared  a  solution  of  sodium  ferrate  by  adding  bro- 
mine to  a  strong  solution  of  caustic  soda  containing  ferric 
hydroxide  in  suspension.  This  I  have  found  a  very  quick  and 
convenient  method  of  producing  a  small  quantity  of  a  solution 
of  sodium  ferrate.  I  have  also  several  times  made  the  attempt 
to  produce  sodium  ferrate  by  the  addition  of  iodine  to  a  solution 
of  caustic  soda  holding  ferric  hydroxide  in  suspension,  but  no 
sodium  ferrate  was  formed. 

Bloxam  also  found  that  a  solution  of  calcium  ferrate  may  be 
produced  by  gently  heating  a  solution  of  bleaching  powder  with 
a  small  portion  of  ferric  chloride.  On  repeating  this  experiment 
I  have  found  the  process  to  be  a  very  delicate  one  and  that  it 
often  fails,  although,  if  very  carefully  conducted  a  rose-red  solu- 
tion of  calcium  ferrate  is  formed.  I  thought  that  perhaps  by 
the  addition  of  lime  to  the  bleaching  powder  solution  the  reac- 
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tion  might  take  place  more  expeditiously.  Such,  however,  was 
not  the  case,  as  a  solution  of  calcium  ferrate  could  never  be  pro- 
duced when  lime  was  first  added  to  the  bleaching-powder  solu- 
tion containing  a  small  portion  of  ferric  hydroxide  in  suspension. 

It  was  first  stated  by  Fremy  and  it  has  subsequently  been  re- 
peated in  the  text-books  that  calcium  ferrate,  like  barium  fer- 
rate, is  insoluble  in  water.  The  experiment  of  Bloxam  above 
referred  to  shows  that  this  statement  is  not  correct. 

On  preparing  a  solution  of  sodium  or  potassium  ferrate  allow- 
ing it  to  stand,  it  sometimes  changes  color  from  red  to  green. 
J.  Denham  Smith  believed  this  green  solution  to  be  caused  by 
some  new  iron  compound,  but  Heinrich  Rose  showed  that  it  was 
derived  from  manganese.  The  ferrate  solution  prepared  con- 
tained a  manganate.  On  standing,  the  ferrate  decomposed 
while  the  manganate  remained  unchanged  until  at  last  only 
manganate  remained,  when  the  solution  turned  green.  I  have 
repeatedly  verified  the  correctness  of  Rose's  explanation. 

In  undertaking  a  course  of  investigation  of  the  properties  of 
ferric  acid  the  following  interesting  problems  presented  them- 
selves : 

1.  Production  of  sodium  ferrate  in  the  dry  way. 

2.  Production  of  iron  dioxide. 

3.  Decomposition  of  barium  ferrate  by  metathesis  so  as  to 
obtain  iii  this  way  a  normal  ferrate  containing  no  free  alkaline 
hydroxide. 

4.  Determination  of  the  constitution  of  the  thioferrates. 

I.    PRODUCTION  OF  SODIUM  FERRATE  IN  THE  DRY  WAY. 

In  the  attempts  to  produce  sodium  ferrate  in  the  dry  way,  fer- 
ric oxide,  both  dry  and  hydrated,  was  calcined  with  caustic 
soda,  sodium  carbonate,  sodium  nitrate,  and  with  mixtures  of 
sodium  hydroxide  and  nitrate,  and  also  with  sodium  nitrate  and 
carbonate,  but  all  in  vain.  The  substitution  of  sodium  chlorate 
for  a  part  or  all  of  the  sodium  nitrate  was  also  tried  but  with 
no  change  in  the  result.  Sodium  dioxide  was  then  tried,  but  at 
first  without  success.  It  was  however  observed  that  when  the 
fused  mass  from  this  last  experiment  had  been  allowed  to  cool, 
on  subsequent  addition  of  water  it  became  highly  heated,  and 
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it  was  suspected  that  while  sodium  ferrate  had  been  produced  by 
the  reaction,  that  it  was  at  the  same  time  decomposed  by  the 
heat,  resulting  from  the  addition  of  the  water,  and  it  was  be- 
lieved that  if  this  rise  in  temperature  could  be  obviated  the 
decomposition  of  the  ferrate  might  be  prevented.  This  theory 
was  acted  on  and  the  mass  resulting  from  the  fusion  of  the  ferric 
oxide  and  the  sodium  dioxide  was  treated  with  ice,  and  though 
some  rise  in  temperature  still  followed  it  was  much  less  than 
before,  and  sodium  ferrate  was  obtained  in  solution.  Thus  the 
first  problem  had  been  successfully  solved  and  sodium  ferrate 
was  for  the  first  time  produced  in  the  dry  way.  There  are  two 
probable  reasons  why  Fremy  failed.  In  the  first  place,  when 
using  sodium  nitrate  this  was  to  a  great  extent  decomposed  by 
the  heat  leaving  behind  sodium  nitrite  which  is  stable  at  high 
temperatures,  and  which,  when  the  mass  was  dissolved  in  water 
served  as  a  reducing  agent,  reducing  the  iron  trioxide  to  the 
ordinary  ferric  oxide,  while  the  nitrite  itself,  by  oxidation,  became 
converted  into  nitrate.  When  using  caustic  soda  the  cause  of 
the  failure  was  probably  the  heating  of  the  mass  on  the  addition 
of  water,  which  heating  has  already  been  referred  to. 

II.    ATTEMPTED  PRODUCTION  OF  IRON  DIOXIDE. 

The  production  of  iron  dioxide  was  of  course  the  most  impor- 
tant of  the  problems.  The  hope  of  accomplishing  this  result 
was  the  inciting  cause  of  the  investigation  and  a  great  number 
of  experiments  were  conducted  with  this  end  in  view. 

As  it  is  well  known  that  chromium  dioxide  can  be  readily 
obtained  by  adding  a  solution  of  a  chromic  or  chromous  salt  to 
a  chromate  it  would  seem  at  first  sight  that,  having  the  iron 
monoxide  and  the  trioxide,  the  iron  dioxide  might  be  easily  pre- 
pared by  an  analogous  reaction  to  the  one  above  mentioned. 

To  produce  a  precipitate  of  iron  dioxide  from  a  solution  of 
sodium  ferrate,  which  is  highly  alkaline,  the  solution  of  the  iron 
salt  added  would  have  to  be  alkaline.  Such  a  solution 
may  be  made  in  many  ways,  such  as  by  the  addition  of 
tartaric  acid,  citric  acid,  or  glycerol,  to  a  solution  of  a  ferric  salt 
and  then  adding  a  caustic  alkali  in  excess,  but  in  each  case  the 
organic  solvent  was  oxidized  before  any  precipitate  was  formed 
and  so  this  method  had  to  be  abandoned. 
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The  addition  of  barium  ferrate  to  solutions  of  ferric  chloride, 
both  normal  and  basic,  was  tried  with  apparently  good  prospects 
of  success  as  the  barium  went  into  solution  as  chloride,  but  at 
the  same  time  oxygen  and  also  chlorine  were  given  off,  so  that 
the  precipitate  ultimately  obtained  consisted  merely  of  ordinary 
ferric  hydroxide.  For  the  purpose  of  this  experiment,  the 
barium  ferrate  was  just  as  good  as  normal  sodium  ferrate  could 
this  latter  be  produced;  the  barium  ferrate  decomposed  the  ferric 
chloride  perfectly,  so  that  if  iron  dioxide  is  capable  of  produc- 
tion, here  the  conditions  of  success  seemed  to  be  the  best  and  yet  the 
result  of  the  reaction  was  only  ordinary  ferric  oxide.  Hence,  it 
is  quite  certain  that  if  iron  dioxide  can  be  made  at  all,  it  is  a 
compound  of  such  exceeding  instability  as  to  have  decomposed 
as  fast  as  formed. 

III.    THE  REACTIONS  OF  BARIUM  FERRATE. 

Of  the  ferrates  the  most  stable,  the  one  that  can  be  prepared 
in  the  purest  state  and  the  most  definite  in  composition  is  barium 
ferrate,  BaFeO^.H,0,  this  formula  having  been  determined  by 
Fremy  and  H.  Rose.  Before  barium  ferrate  has  been  allowed  to 
dry  it  is  decomposed  by  all  the  soluble  acids,  including  carbonic 
acid.  After  it  has  once  been  allowed  to  dry  in  a  desiccator  it  is 
not  so  easily  decomposed,  at  least  completely.  If  barium  fer- 
rate, which  has  not  been  allowed  to  dry,  be  suspended  in  water 
through  which  carbon  dioxide  is  passed,  it  will  be  completely 
decomposed  with  the  formation  of  barium  carbonate  and  ferric 
hydroxide,  oxgen  being  set  free.  From  this  decomposition  it 
might  reasonably  be  expected  that  iron  dioxide  would  be  formed 
just  as  manganese  dioxide  is  formed  on  passing  carbon  dioxide 
through  water  containing  barium  manganate  in  suspension,  but 
such  is  not  the  case.  This  experiment  would  also  seem  to  indi- 
cate that  neither  a  compound  of  iron,  corresponding  to  a  per- 
manganate nor  a  compound  corresponding  to  a  bichromate 
exists.  The  result  of  passing  carbon  dioxide  through  water 
containing  barium  ferrate  in  suspension,  with  the  object  of 
obtaining  new  iron  salts  therefore  carries  with  it  two  disappoint- 
ments. 

When  barium  ferrate  has  been  thoroughly  dried  in  a  desicca- 
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tor  it  is  readily  attacked  by  acids,  but  complete  decomposition 
is  not  readily  effected  in  the  cold  even  with  dilute  sulphuric 
acid,  oxalic  acid,  formic  or  acetic  acids.  Hydrochloric  acid 
decomposes  it  completely  with  the  greatest  readiness,  chlorine 
being  always  set  free.  If  barium  chromate  be  digested  with  a 
solution  of  sodium  ferrate,  barium  ferrate  is  formed  and  the  solu- 
tion changes  color  from  red  to  yellow,  due  to  the  sodium  chro- 
mate which  has  been  formed.  The  reverse  reaction  never  takes 
place.  Thus,  if  barium  ferrate  is  digested  with  a  cold  solution 
of  an  alkaline  carbonate,  sulphate  or  triphosphate,  an  alkaline 
ferrate  is  never  formed,  the  solution  remaining  colorless.  An 
alkaline  sulphate  will  decompose  barium  ferrate  that  has  not  been 
dried  with  the  formation  of  barium  sulphate  and  ferric  hydrox- 
ide, oxygen  being  set  free.  It  thus  appears  that  barium  ferrate 
is  one  of  the  most  insoluble  salts  known.  It  is  strange  that  in 
none  of  the  publications  up  to  this  time  has  the  behavior  of 
barium  ferrate  to  neutral  salts  been  referred  to. 

IV.   THIOFERRATES. 

Fremy  states  that  on  passing  hydrogen  sulphide  through  a 
solution  of  sodium  ferrate  a  solution  is  obtained  of  a  beautiful 
emerald  color.  He  supposed  that  the  sodium  ferrate  was  con- 
verted into  sodium  thioferrate.  On  passing  hydrogen  sulphide 
through  a  solution  of  sodium  ferrate  I  sometimes  obtained  the 
green  solution  described  by  Fremy  and  at  other  times  not. 
Investigating  the  matter,  I  found  that  the  green  solution  was 
obtained  only  when  the  original  solution  contained  manganese. 
It  appears  then  that  on  passing  hydrogen  sulphide  through  a 
ferrate  solution  containing  a  manganate  the  ferrate  is  reduced 
by  the  hydrogen  sulphide,  leaving  the  green  manganate  solution 
behind.  If,  on  the  other  hand,  the  ferrate  solution  contains  no 
manganese,  on  passing  hydrogen  sulphide  through  it,  the  red 
color  disappears  and  a  solution  is  obtained  having  a  greenish 
yellow  tinge,  such  as  is  obtained  by  digesting  precipitated  iron 
sulphide  in  a  solution  of  an  alkaline  polysulphide,  the  greater 
part  of  the  iron  being  precipitated  as  black  sulphide.  The  sup- 
posed thioferrates  must  therefore  be  considered  as  mythical. 

The  only  use  so^  far  suggested  for  the  ferrates,  is  the  produc- 
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tion  of  oxygen  described  in  British  Patent,  No.  85,  Jan.  10,  1886, 
to  Brooman,  a  communication  by  Mar6chal  and  Tessie  duMotay, 
in  which  it  is  stated  that  potassium,  sodium,  and  barium  ferrate 
may  be  decomposed  by  a  current  of  steam  and  subsequently  re- 
formed by  the  action  of  a  current  of  air  at  high  temperature. 

Whether  the  ferrates  resemble  the  chromates  or  manganates 
more  is  difficult  to  say.  If  a  salt  could  be  produced  correspond- 
ing, either  to  the  bichromates  or  the  permanganates  the  ques- 
tion would  of  course  be  immediately  decided.  The  extreme  in- 
solubility of  barium  ferrate,  together  with  the  solubility  of  cal- 
cium ferrate,  as  well  as  the  instability  of  the  dioxide,  if  it  does 
exist,  brings  the  ferrates  closer  to  the  chromates  than  the  man- 
ganates. On  the  other  hand  the  soluble  ferrates  can  only  exist 
in  alkaline  solutions,  and  in  this  respect  they  resemble  the  man- 
ganates. In  their  oxidizing  power  the  ferrates  still  more  closely 
resemble  the  manganates.  It  has  already  been  stated  that  a  fer- 
rate will  oxidize  nitrites,  tartrates  and  glycerol.  The  soluble 
ferrates  are  also  decolorized  or  reduced  by  oxalates,  alcohol, 
ether,  ammonia,  urea,  and  other  soluble  organic  bodies  with  very 
few  exceptions,  such  as,  and  notably,  the  acetates.  They  are 
decomposed  also  by  some  insoluble  organic  bodies,  such  as  paper 
and  insoluble  carbohydrates,  but  most  insoluble  organic  bodies, 
such  as  the  paraffines  and  benzene,  decompose  them  but  very 
slowly. 

To  perform  all  the  experiments  on  ferrates  above  referred  to, 
sodium  and  potassium  ferrate  had  often  to  be  prepared.  Of  all 
the  methods  of  making  these  salts  the  easiest  is  to  pass  chlorine 
through  a  strong  solution  of  sodium  hydoxide,  containing  ferric 
hydroxide  in  suspension.  At  one  time  I  produced  sodium  ferrate 
on  a  scale  never  before  attempted.  Three  kilos  of  sodium  hy- 
drate were  dissolved  in  enough  water  to  form  ten  liters  of  solu- 
tion. To  the  solution  were  added  150  grams  of  ferric  chloride, 
and  the  mixture  stirred  for  a  long  time  until  the  ferric  hydroxide 
formed  was  all  finely  divided  and  evenly  distributed  throughout 
the  solution.  Through  the  mixture  chlorine  gas  was  then  passed 
from  a  cylinder  of  liquid  chlorine  which  had  kindly  been  pre- 
sented by  my  friend  Dr.  Rudolph  Knietsch,  one  of  the  leading 
chemists  of  the  Badische  Anilin  und  Soda  Fabrik  of  Ludwigs- 
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hafen,  Germany.  The  operation  was  carried  on  very  success- 
fully, the  chlorine  gas  passing  through  with  great  regularity,  and 
in  this  manner  a  quantity  of  stock  solution  was  prepared  suffi- 
cient for  all  subsequent  experiments. 

It  may  here  be  stated  that  whenever  an  experiment  is  de- 
scribed above  it  has  been  actually  tried  for  the  purpose  of  making 
sure  that  the  reaction  indicated  actually  takes  place. 

The  following  is  a  summary  of  the  errors  which  occur  in  the 
literature  of  ferric  acid : 

1 .  The  direction  for  making  potassium  ferrate  by  adding  iron 
nitrates  to  caustic  potash,  by  Stahl. 

2.  The  statement  that  on  standing  a  solution  of  potassium  fer- 
rate changes  color  and  turns  green,  made  by  J.  Denham  Smith. 

3.  The  statement  that  calcium  ferrate  is  insoluble  in  water, 
made  by  Fremy. 

4.  The  direction  for  making  thioferrates  by  passing  hydrogen 
sulphide  through  a  solution  of  a  ferrate,  by  Fremy. 

5.  The  allegation  that  sodium  ferrate  cannot  be  made  except 
in  the  wet  way,  made  by  Wurtz. 

Of  these,  the  second  error  was  corrected  by  H.  Rose  and  the 
third  by  Bloxam,  the  other  three  having  now  for  the  first  time 
been  brought  to  light. 

In  the  annexed  bibliography  are  included  only  original  arti- 
cles, and  when  articles  have  been  reprinted  in  different  periodi- 
cals, only  the  first  has  been  given.  The  full  titles  of  the  articles 
referred  to  have  been  perused,  so  that  it  is  certain  that  they  exist 
and  relate  to  the  subject-matter  indicated. 
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A  SinPLE  AND  CONVENIENT  APPARATUS  FOR  ESTI- 
MATING  THE  WATER- HOLDING  POWER 

OF  SOILS. 

By  J.  l,.  Bbeson. 
Received  June  3, 1895. 

TO  a  fifty  or  100  cc.  plain  burette  is  connected  a  glass  Y  tube 
by  means  of  a  piece  of  rubber  tubing.  To  one  of  the  forks  is 
attached  a  bit  of  rubber  tubing  carrying  a  pinch-cock,  and  the 
other  fork  is  connected  with  a  small  Stutzer  extraction  tube, 
having  a  zero  mark  scratched  on  its  neck,  by  means  of  a  stout 
piece  of  rubber  tubing  about  two  and  one-half  feet  long.  The 
apparatus  is  fastened  in  the  clamp  of  an  ordinary  clamp-stand. 
A  metallic  disk,  which  will  about  fit  the  larger  tube,  is  perforated 
with  many  small  holes,  the  center  with  a  larger  hole  that  will 
admit  the  end  of  a  piece  of  glass  tubing,  which  is  made  firm  by 


^^0    J.    I,.   BBBSON.      APPARATUS  FOR   ESTIMATING,  ETC. 


fusing  into  the  glass  by  means  of  a  burner  or  blast  lamp.  The 
upper  end  of  the  tube,  d  t,  is  bent  over  so  that  the  soil  will  not 
fall  into  it  while  filling  the  larger  tube.  Disks  of  filter-paper, 
of  convenient  size,  are  perforated  with  a  cork  borer,  and  one  of 

,  these  is  slipped  over  the  glass 
tube  down  against  the  perfor- 
ated disk,  and  held  down  by 
means  of  a  rubber  washer  cut 
from  a  piece  of  small  rubber 
tubing.  The  edges  of  the 
paper  are  folded  under  the 
disk  so  as  to  make  it  fit  the 
tube  well,  and  the  whole 
snipped  down  to  the  bottom  of 
the  large  tube.  The  appara- 
tus, which  is  now  ready  for 
use,  is  very  simple,  and  much 
more  rapid  and  convenient, 
it  is  believed,  than  the  one 
devised  by  Mr.  Feulling  as 
described  in  Dr.  Wiley's  book 
on  soil  analysis.  The  appara- 
tus is  .filled  with  water,  the 
burette  raised  so  as  to  cover  the  disk  and  filter-paper  and  then 
lowered.  The  excess  of  water  will  now  run  out  of  the  filter- 
paper  so  that  the  reading  will  become  constant  within  five  min- 
utes. Then  by  means  of  the  pinch-cock  c  water  is  slowly  drawn 
off  until  it  stands  at  the  zero  mark  on  the  neck  of  the  tube  o, 
and  at  zero  on  the  burette.  From  twenty-five  to  fifty  grams  of 
soil,  according  to  the  water-holding  power  of  the  sample,  is 
added  to  the  large  tube  S,  which  is  gently  tapped  until  the  soil 
is  level.  The  burette  is  raised  and  the  water  gently  forced  into 
the  soil  from  below  until  it  forms  a  level  above  the  soil.  From 
the  height  of  the  column  of  water  in  the  air-tube  t  the  amount 
of  pressure  may  be  seen.  The  burette  is  then  lowered  and  the 
water  runs  out  of  the  soil  by  gravity  alone,  since  the  space  below 
the  disk  is  supplied  with  air  through  the  tube  t.  When  there  is 
no  more  rise  of  water  in  the  tube,  which  requires  about  fifteen  to 
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twenty  minutes,  the  burette  is  raised  until  the  water  stands  at 
the  zero  mark  o  in  the  tube,  when  the  number  of  cc.  of  water 
absorbed  by  the  soil  is  read  on  the  burette.  The  whole  time  for 
an  analysis  need  not  exceed  thirty  or  forty  minutes.  The  pinch- 
cock  on  the  Y  tube  is  most  convenient  in  bringing  the  water 
to  the  zero  marks  on  the  tube  and  burette  before  adding  the  soil. 
The  apparatus  may  be  obtained  of  Kaehler  and  Martini,  Berlin. 


A  MODIFICATION  OF  HINHAN'S  EXPLOSION  PIPETTE. 


THIS  pipette  was  devised  to  permit  the  use  of  all  the  resi- 
due, sixty  cc,  remaining  after  an  illuminating  gas  had 
been  analyzed  by  the  Hempel  apparatus,  in  mixing  with  oxy- 
gen for  explosion. 

It  consists  of  a  bulb,  B,  eleven  to  twelve  cm,  in  diameter,  of 
about  ago  cc.  capacity,  with  walls  at  least  twelve  mm.  thick, 
provided  with  two  tubulatures  ;  at 
the  bottom  a  stop-cock,  C,  is  ground 
in  for  regulating  the  flow  of  mer- 
cury ;  to  the  top  one  is  fitted  the 
capillary  stem,  S,  which  must  be 
very  carefully  ground  in.  These 
joints  are  first  vaselined,  care  being 
taken  that  none  gets  inside  the  ap- 
paratus, and  cemented  in  with  a 
sealtngwax  having  nearly  the  same 
coefficient  of  expansion  as  gla 
Metal  clamps  hold  the  bulb  upon 
the  stand,  similar  to  that  for  the 
simple  pipette,'  the  weight  of  the 
bulb  being  sufficient  to  keep  it  in 
the  lower  one ;  the  upper  »ne  is 
provided  with  screws  to  hold  the 
neck  of  the  bulb.  To  render  the 
stem-joint  more  nearly  tight  the 
upper  tubulure  is  made  with  a  mer- 
cury seal  an  inch  deep.      As  thus  constructed,  the  apparatus  is 
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absolutely  tight  at  all  pressures  to  which  it  is  likely  to  be  sub- 
jected. 

Both  spark  wires  were  originally  fused  through  the  capillary 
stem,  but  from  the  oxides  of  nitrogen  and  carbon  dioxide  formed 
during  the  explosions  an  electrical  connection  was  established 
sometimes  between  them  and  no  spark  was  visible  upon  turning 
on  the  current.  To  obviate  this,  one  fine  spark  wire,  w,  is 
fused  through  the  capillary  and  the  other,  w\  a  platinum  wire 
one  and  a  half  mm.  in  diameter  passes  through  a  rubber  fitting 
in  the  tube  carrying  the  stop-cock  up  through  the  mercury  to 
within  two  mm.  of  the  other.  A  Mariotte  bottle  conveniently 
serves  as  a  reservoir  for  the  mercury  and  is  connected  with  the 
pipette  by  quarter  inch  **  pressure  tubing.'* 

It  sometimes  happens  that  no  spark  passes  upon  closing  the 
circuit.  This  can  be  remedied  by  sucking  water  into  the  pipette 
and  expelling  it.  Upon  allowing  it  to  stand  all  the  moisture 
rises  to  the  top  and  may  be  driven  out. 

The  apparatus  has  been  in  use  for  four  years,  "scores  of  explo- 
sions having  been  made  with  it.  It  may  be  obtained  from  the 
Ziegeler  Electric  Co.,  Franklin  St.,  Boston. 


ESTIMATION  OF  SULPHUR  IN  PYRITES. 

By  G.  lyXTNGB. 
Received  June  4, 189$* 

IN  this  Journal  Mr.  Gladding  replies  to  my  remarks  on  his  pre- 
vious paper  on  the  estimation  of  sulphur  in  pyrites.  His 
comments  would  certainly  not  give  to  any  reader,  who  had  not 
my  own  paper  before  his  eyes,  a  fair  idea  of  its  purport.  He 
stales  that  I  admit  **that  every  modification  proposed  (by  Glad- 
ding) is  accurate  in  its  nature,  with  one  single  exception.'*  This 
conveniently  passes  over  the  fact  that  my  *  *  admission  * '  had  been 
saddled  with  the  following  addition,  for  which  I  had  adduced 
ample  experimental  proof,  **that  not  in  a  single  case  is  Glad- 
ding's  method  more  correct  than  mine,  and  that  his  modifica- 
tions cannot  be  approved,  as  they  greatly  lengthen  the  time  re- 
quired for  the  analysis,  without  any  corresponding  advantage 
whatever." 
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In  one  point,  and  that  just  relating  to  the  principal  novelty  in 
Cladding's  process,  I  declared  him  to  be  entirely  wrong ;  viz,^ 
in  his  denial  of  the  fact  that  it  is  very  easy,  by  a  special  kind  of 
washing,  to  avoid  leaving  any  sulphur  in  the  ferric  hydroxide. 
This  point  is  even  more  decidedly  misrepresented  by  Gladding 
(of  course,  unintentionally)  than  the  others.  He  says  that  I 
'*  admit  that  students  in  my  own  laboratory  have  sometimes 
failed  to  get  out  all  the  sulphur,  through  imperfect  washing.'* 
I  must  really  complain  of  this  way  of  quoting  my  paper  against 
myself,  seeing  that  I  immediately  followed  up  the  above  by  the 
express  statement  that  such  failures  occurred  in  every  case 
through  having  washed  in  the  usual  way,  instead  of  the  special 
way  prescribed  by  me  for  that  object ;  and  that  the  same  men 
have  succeeded  in  every  case  after  their  attention  had  been 
drawn  to  this  point.  That  beginners,  like  those  I  was  speaking 
of,  will  make  mistakes  in  most  other  analytical  methods  as  well, 
until  their  attention  is  drawn  to  their  having  neglected  some 
essential  precautions,  is  too  patent  to  be  dwelled  upon.  Nor  is 
it  my  business  to  find  out  why  Mr.  Gladding  and  his  assistants 
have  failed  in  a  process  which  succeeds  in  the  hands  of  all  be- 
ginners in  my  laboratory,  and  which  is  practised  by  hundreds  of 
chemists,  none  of  whom  have  ever  found  any  fault  with  it. 

After  such  an  involuntary  ** admission"  of  imperfect  manipu- 
lation on  Mr.  Gladding's  part,  it  is  not  possible  to  take  the 
accuracy  of  his  further  results  for  granted  which  are  contradic- 
tory to  mine,  concerning  the  differences  between  our  two  meth- 
ods. I  repeat  that  I  have  afforded  in  my  paper,  by  a  large  number 
of  comparative  assays,  complete  proof  that  (except  when  the  wash- 
ing was  intentionally  interrupted  before  completion)  absolutely 
the  same  results  are  obtained  by  both  methods,  mine,  however, 
taking  considerably  less  time  than  his.  It  seems  to  me  perfectly 
unnecessary  to  repeat  such  proofs,  since  nothing  new  can  possi- 
bly be  brought  out  by  it,  and  I  must  altogether  decline  to  carry 
on  further  discussion  with  an  opponent  who  treats  my  paper  and 
work  in  the  above-mentioned  style,  rewarding  my  studied  fair- 
ness by  construing  it  into  all  sorts  of  distorted  ** admissions," 
and  not  appreciating  the  perhaps  exaggerated  courtesy  with 
which  I  had  explained  a  decided  error  in  his  description  of  the 
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decomposing-mixture  as  being  perhaps  due  to  a  clerical  mistake. 
Mr.  Gladding  seems  to  have  felt  that  it  was  necessary  to 
bring  heavier  metal  against  me  than  his  own  assertions,  and  he 
therefore  quotes  a  private  communication  from  Prof.  Richards, 
of  Harvard  College.  He  does  not  mention  anything  of  Prof. 
Richards  having  sanctioned  the  verbatim  publication  of  the 
**  private'*  communication.  For  my  part,  until  the  contrary  is 
proved,  I  beg  leave  to  doubt  that  Prof.  Richards  would  publicly 
have  used  expressions  accusing  me  of  ignorance  on  a  point 
** which  has  been  known  for  a  number  of  decades:**  z;/>..  the 
occlusion  of  barium  chloride  on  the  sulphate.  Before  doing  so,  he 
would  have  looked  not  merely  at  my  last  paper,  but  also  on  those 
I  had  previously  written  on  the  estimation  of  sulphur  in  pyrites. 
He  would  then  have  found  that  I  have  made  researches  on  this 
subject  for  the  last  fifteen  years,  and  that  in  my  communications 
the  previpus  work  of  Fresenius,  concerning  the  difficulty  of  re- 
moving the  barium  chloride  from  the  sulphate,  is  referred  to  as 
common  knowledge.  He  would  then  not  have  misunderstood 
my  last  paper  as  denying  that  patent  fact,  which  he  has  so  thor- 
oughly investigated  in  a  paper  published  subsequently  to  mine. 
He  would  have  acknowledged  that  I  could  not  have  meant  any- 
thing else  than  claiming  for  my  special  process  the  greatest  pos- 
sible approach  to  truth,  which  would  not  be  attained  by  prevent- 
ing all  and  every  occlusion  of  barium  chloride,  seeing  that  the 
solubility  of  the  barium  sulphate  in  the  acid  liquid  must  cause 
an  error  in  the  opposite  direction.  I  am  quite  sure  that  Prof. 
Richards,  like  every  other  chemist,  is  aware  of  the  fact  that  not 
one  of  our  analytical  separations  is  mathematically  perfect,  and 
that  the  best  analytical  methods  are  those  in  which  unavoidable, 
but  opposite  errors  are  as  nearly  as  possible  balanced,  and  which 
thus  gives  a  closer  approximation  to  the  truth  than  methods  in 
which  one  of  these  errors  is  eliminated,  but  thfe  compensating  error 
in  the  opposite  direction  is  allowed  to  remain .  I  have  never  claimed 
that  the  precipitate  of  barium  sulphate  obtained  according  to  my 
method  was  absolutely  deVoid  of  barium  chloride,  no  more  than, 
in  the  opposite  direction,  that  no  barium  sulphate  whatever  re- 
mained dissolved  in  the  acid  liquor ;  my  claim  has  been  that  my 
method,  by  compensation  of  unavoidable  errors,  gives  correct 
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results.  I  need  not,  however,  comment  any  further  upon  Prof. 
Richard's  private  letter  to  Mr.  Gladding,  since  everything  of 
importance  in  this  controversy  is  settled  by  an  authority  which 
Prof.  Richards  will  certainly  approve  of ;  viz. ,  a  passage  in  his 
own  paper  in  the  Zeitschrift  fur  anorganische  Chemie^  ^^95 y  8, 418, 
which  I  translate  verbatim  : 

* '  Moreover  the  obser\'^ation  is  of  interest,  that  the  error  caused 
by  occlusion  ordinarily  just  about  compensates  that  caused  by 
the  solubility  of  the  sulphate,  so  that  the  final  corrected  result  is 
almost  the  same  as  the  real  weight.  The  average  of  the  uncor- 
rected results  is  0.3215  in  lieu  of  0.3214  gram.** 

This,  I  think,  disposes  of  the  aid  which  Mr.  Gladding  has 
solicited  from  Prof.  Richards  in  his  attack  upon  me. 

Zurich,  May  23,  1895. 


THE  PERIODIDES.' 

By  Albert  B.  Prescott. 

Received  August  la,  1895. 

THE  periodides  are  remarkable  as  products  of  extreme  addi- 
tive combination,  along  with  clearly  cut  crystalline  form, 
distinct  phj^sical  constants,  and  instances  of  rare  optical  power. 
They  are  easily  reduced  to  normal  iodides,  containing  for  every 
atom  of  iodine  firmly  bound,  one  or  more  iodine  atoms  loosely 
bound ;  therefore  they  are  often  and  not  improperly  termed 
superiodides.  Professor  Geuther  used  for  them  the  term  poly- 
iodide,  perhaps  by  reason  of  his  view  that  all  their  iodine  atoms 
are  of  equal  valence  in  the  molecule.'  Jorgenson  designated 
them  together  as  superiodides,  though  including  within  their 
structural  type  certain  double  polyiodides  not  understood  to  con- 
tain additive  iodine.*  If  these  compounds  contain,  as  their  be- 
havior has  been  interpreted  to  imply,  for  every  atom  of  iodine 
that  is  linked  to  the  base,  a  number  of  atoms  of  iodine  linked 
only  to  iodine,  they  offer  a  striking  example  of  the  influence  of 
a  basal  group  upon  iodine  atoms  to  which  it  is  not  linked.  The 
one  iodine  atom  that  is  directly  united  to  the  nitrogen  or  other 

iRead  at  the  meetinsf  of  the  American  Association  for  the  Advancement  of  Science, 
Springfield,  Aug.  30,  1895. 

a  A.  Geuther,  iS8j :  Ann.  Cheni.  (Liebig).  340,  82. 
•  M.  Jdrgenson,  1S69 :  Ber.  d.  chem.  Ges.,  a,  465. 
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base-forming  element,  by  virtue  of  this  union,  enables  a  number 
of  other  iodine  atoms  (say  from  two  to  eight)  to  unite  with  each 
other  together  with  itself  in  an  iodine  group,  capable  of  forming 
multiples  in  poly  basal  molecules.  To  this  view  we  are  led, 
possibly  misled,  by  the  course  of  theory.  In  this  relation  the 
molecular  weight  of  free  iodine  is  of  interest,  and  has  been 
studied  with  care,  not  only  in  the  vapor^  but  in  solutions*  and  in 
the  crystals^  themselves.  The  relation  to  the  elemental  mole- 
cules gives  to  the  periodides  an  interest  greater  than  that  of  the 
mixed  superhalides,  such  as  iodoperchlorides  and  iodoperbro- 
mides  of  bases  inorganic  and  organic.  The  supersulphides, 
however,  present  a  corresponding  instance  of  additive  combina- 
tion with  a  single  element,  as  understood.  The  organic  super- 
sulphides^  are  not  so  ready  of  formation  or  so  stable  as  the 
organic  superiodides,  though  the  reverse  seems  to  be  true  of  the 
corresponding  inorganic  super  compounds.  In  its  elemental 
states  sulphur  surpasses  iodine  in  its  unusual  capacity  for  poly- 
atomic molecules.  And  this  comparison  holds  for  the  hydrides, 
as  hydrogen  pentasulphide  was  reported  in  1888',  while  hj^dro- 
gen  diiodide,  though  holding  a  name  in  the  earlier  handbooks* 
is  no  longer  accounted  a  chemical  individual.'  Again,  the 
superoxides, of  organic  acid  radicals  were  compared  with  super- 
iodides  by  Brodie.^ 

To  obtain  a  general  survey  of  the  principal  known  periodides, 
they  may  be  provisionally  classified,  chiefly  with  respect  to 
their  bases,  as  follows  : 

I.  The  periodides  of  potassium  and  of  mercury.  Any  double 
metallic  polyiodides  containing  additive  iodine  and  without 
other  acid. 

1  V.  Meyer,  iSSo--  Ber.  d.  chem.  Ges.y  13,  loio;  Neumauu,  18S0:  Ber.  d.  chem.  Ges.,  13, 
1050. 

2  M.  lyOeb,  1888:  J.  Chem.  Soc,  53,  S05;  Paterno  and  Nasiiii,  1SS8  :  Ber.  d.  c/tem.  Ges., 
ax,  2153  ;  Kruss  and  Thiele,  1S94 ;  Ztschr.  anorga}t.  Chem.,  7,  52  ;  John  Conroy,  1874  :  .Pi'oc. 
Roy.  Soc,  as;  46. 

8  John  Conroy,  1876  :  Proc.  Roy.  Soc.,  as,  51 ;  Compare  Geuther,  1887,  Ann.  Chem.  (Lie- 
big),  340, 85. 

*  Palm,  1863  :  Phar.  Ztschr.  Russ.,  a,  337,  361,  3S5  ;  A.  W.  rfofmanu,  i8(^  :  Ber,  d.  chem. 
Ges.,  1,81  ;  E.  Schmidt,  1876 :  Ann.  Chem.  (lyiebig),  180,  287;  A.  W.  Hofmann,  again  in 
1877,   Ber.  d.  chem.  Ges.,  xo,  10S7. 

6  Rebs  :    Ann.  Chem.  (I^iebig),  346,  356. 

8  Gmelin's  Handbook,  a,  261, 18./9.  from  Baup.y.  Pharm.,  g,  40. 

7  Gmelin-Kraut's  Handbuch,  I,  2,  310, 1872.  ^J.  Chem.  Soc.^  a,  281, 1876. 
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2.  Periodides  of  ammonium.  Periodides  of  arsonium*  and  of 
stibonium  if  they  have  been  obtained.  Periodides  of  the  metal- 
lic derivatives  of  ammonium.  The  same  of  metallic  derivatives 
of  arsonium  and  of  stibonium,  if  they  have  been  obtained. 

3.  The  periodides  of  organic  bases.  They  are  mostly  of  the 
quaternary,  and  the  tertiary*  bases,  of  the  nitrogen-base  family, 
including  bases  with  oxygen  and  without  it.  Phosphonium," 
arsonium,^  and  probablj'  stibonium*  periodides  are  known. 
And,  of  another  type,  that  of  perhalide  of  a  bar^  amine  base, 
such  as  (R,N)I,.I,  at  least  triethyl  phosphine  periodide*  and 
pyridine  periodide'  have  been  reported.  Also  a  perhalide  taken 
as  pyridine  dibromide  hydrobromide.**  The  nitrogen-base  perio- 
dides belong  in  two  categories,  (i)  those  of  the  alkylammonium 
bases,  and  (2)  those  of  pyridine  and  its.  derivatives.  Poly- 
iodides  of  the  vegetable  alkaloids  belong  in  the  latter  division, 
except  the  caffeine  and  theobromine  poly  iodides. 

4.  The  periodide  of  iodonium,  the  organic  iodine  base  obtained 
by  Victor  Meyer  last  year.'  The  normal  iodide  of  iodonium  is 
of  structural  interest  to  poly  iodides  generally. 

5.  Aromatic  sulphon  periodides,  as  found  by  Kastle  and  Hill 
last  year/" 

6.  Acid  poly  iodides,  more  or  less  complex,  and  double  base 
polyiodides,  inorganic  and  organic,' including  those  in  which  the 
iodine  is  not  in  additive  combination,  that  is,  not  yielding  a  dis- 
tinct part  of  the  iodine  to  reducing  agents  with  a  good  end  reaction. 

1  Phosphonium  norma/ iodide  ;  Labillardi6re  and  Gay  Lus.sac:  Ann,  chim.  phys.  [2], 
6,304  ;  A.  W.  Hofmann,  jS8j\  Ann.  Chem.  (Liebig),  103,  355  ;  1873  :  Ber.  d.  chem.  Ges.^ 
6,  286.  Inflames  by  contact  with  iodine. 

2  In  Gcuther's  table,  in  1887,  of  the  periodides  then  known,  the  only  periodides  of 
tertiary  bases  destitute  of  oxygen,  which  appear  are  a  pyridine  hydrogen  pentiodide, 
and  a  quinoline  hydrogen  tetriodide,  both  by  Dafert  (  Geuther  :  ^««.  CAfv«.  (Ijebig), 
340,  74).  In  reporting  upon  these,  in  1883,  Dafert  says  :  **  Nach  den  bis  jetzt  bekannten 
Thatsachen  schientes,  dass  nur  tertiare  und  Ainnioniumbasen  Periodide  bilden" 
{Afondtsh.  Chem.,  4,  510.) 

8  Tetraethylphosphonium  triiodide,  Jorgensen,  Ann.  Chem.  (Liebig),  240,  74. 
4  Tetraalkylarsouium  triiodides,  Cahours,  1S60  :   Ann.  Chem.  (Uebig),  xx6,  346 ;  1862: 
Ibid,  122,215. 

6  JSrgenson,  i86Q  :  Ber.  d.  chem.  Ges  ,  3,  463. 

*  Masson  and  Kirkland.  iS8g  :  J.  Chem.  Soc,  55,  139. 

7  Mr.  Trowbridge  and  tne  author  in  another  paper  of  this  date. 

8  Grimaux,  1882  :  Compt.  rend.y  95,  87  ;  Bull.  Soc.  Chim.,  38,  127. 
»  Ber.  d.  chem.  Ges.,  27,  1594, 1894. 

Vi  Am.  Chem.  J.,  t6t  116.  A  sulphur  periodide  of  another  order  is  that  obtained  in 
amorphous  condition  by  Jorgensen,  i86g  :  Ber.  d.  chem.  Ges.,  a,  464. 
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Geuther*s  classification  into  triiodides,  pentaiodides,  hepta- 
iodides,  and  enneaiodides,  all  with  one  atom  of  iodine  firmly 
bound/  was  of  service  in  his  own  study  of  structural  features. 
But  Geuther  admitted  a  category  of  sesqui-,  di-,  tetra-,  andhexa- 
iodides.  There  is  surely  a  prevailing  proportion  of  even  num- 
bers of  additive  iodine  atoms,  making  odd  numbers  of  total  atoms 
of  iodine,  per  **  molecule  '*  of  the  periodide.  Generally  this  is 
an  assumed  **  molecule'*  of  monobasal  proportions.  That  two 
or  more  monovalent  groups  of  the  ammonium  type  should  enter 
into  the  formation  of  a  periodide  molecule,  in  some  cases,  is 
theoretically  probable,  to  say  the  least,  if  periodides  are  indi- 
vidualized in  molecules  at  all.  The  hypothesis  of  Jorgenson  in 
1869,*  providing  for  both  monammonium  and  diammonium 
types  of  periodides,  is  not  an  unreasonable  one.  Moreover, 
there  is  to  be  considered  the  probable  occurrence  of  an  iodine 
atom  in  the  fourth  position  of  the  organic  ammonium  group, 
phosphonium  group,  etc.,  with  whatever  degree  of  firmness  of 
binding  may  be  determined  for  it  in  this  position.  Take  it  all 
in  all,  therefore,  it  seems  to  me  that  at  present  we  know  no  law 
of  even  or  uneven  numbers  of  iodine  atoms  in  superiodides, 
either  to  help  or  to  hinder  our  interpretation  of  results.  With 
evidence  of  molecular  weight  we  may  gain  approach  to  such  a 
law. 

In  division  6  of  the  classification  above  there  are  without 
doubt  included  certain  strictly  normal  iodides.  The  iodomer- 
curates  as  strongly  marked  double  iodides,  and  the  Herapathites 
as  representative  acid  superiodides  come  in  this  division.  An 
interest  in  the  iodomercurates  of  the  nitrogenous  bases'  has  been 
but  one  among  several  causes  contributing  to  my  own  interest 
in  this  subject  at  present.  But  I  have  not  yet  made  such  an 
inquiry  into  the  action  of  deiodinizing  agents  upon  the  known 
double  iodides  as  might  reveal  what  superiodides  there  are 
among  them.  Some  of  the  tabulations  of  the  super-iodine  in 
double  inorganic  polyiodides  given  by  Geuther*  seem  to  invite 
further  inquiry.     The  acid  periodides  in  many  cases  undenia- 

^Ann.  Chem.  (Uebig),  340,  74,  80, 1894. 
.2  Ber.  d.  chem.  Ges,,  a,  465, 1869. 

^  Am.  Chem.  J.,  14,  607, 189a ;  a,  394. 1880.     Pharm.  Rund.^  xa,  146. 
4  Ann.  Chem.  (Uebig),  340,  81. 


THE   PERIODIDES.  779 

bly  contain  additive  iodine,  but  the  question  of  their  constitu- 
tion, like  that  of  mixed  halides  in  general'  is  more  complicated 
and  is  perhaps  of  less  special  significance,  than  that  of  the 
simple  polyiodides. 

With  the  exception,  then,  of  the  metallic,  the  iodonium  and 
the  sulphon  periodides,  the  formation  of  superiodides  is  limited, 
so  far  as  I  have  found,  to  compounds  of .  the  nitrogen  family  of 
elements. 

The  first  periodide  recognized,  so  far  as  I  find  record,  may  have 
been  that  of  ammonium,  termed  by  Berzelius  the  biniodide. 
After  the  discovery  of  iodine  the  first  workers  upon  the  alkaloids 
seem  to  have  mistaken,  in  some  instances,  a  produced  periodide 
for  a  mixed  excess  of  iodine  to  be  taken  up  by  more  alkaloid  in 
preparation  of  the  hydriodides.*  In  1839  Bouchardat,'  a  medi- 
cal writer  in  Paris,  recounts  that,  when  dogs  were  being  surrep- 
titiously poisoned  with  strychnine  in  Paris,  and  an  antidote  was 
asked  for,  first  Guibourt  recommended  powdered  galls,  and  then 
Donn6  advised  iodine  tincture,*  whereupon  Bouchardat  himself, 
approving  the  use  of  iodine,  said  they  should  use  it  in  potassium 
iodide  solution.  He  then  set  forth  some  interesting  characters 
of  the  alkaloid  periodides,  comparing  them  with  ammonium  peri- 
odide, quoting  for  this  the  name  from  Berzelius  mentioned  above. 
De  Vrij  has  said  that  Bouchardat  anticipated  Herapath  in  pro- 
duction of  iodosulphates.  A  modest  memoir  of  Donn6,  in  con- 
nection with  the  Parisian  interest  just  referred  to,  upon  the  use 
of  iodine  as  an  analytical  reagent  for  vegetable  bases,  was  re- 
ferred for  criticism  to  D' Arcet  and  Chevreul,  who  made  quite  an 
elaborate  report*  upon  the  action  of  free  chlorine,  bromine,  and 
iodine,  in  intensive  application,  with  admonition  as  to  undue  de- 
pendance  upon  any  single  analytical  reactions.  In  1846,  in  his 
summary  of  the  distinguishing  reactions  of  the  more  important 

1  The  Chloriodides  of  Orjfanic  Bases,  and  Pyridine  Chloriodide,  Pictet  and  Krafift, 
1S92  :  Bull.  Sac.  Chim.  [3],  7,  73. 

spelletier  and  Caventon,  1819 .  Ann.  chim.  pkys.  [3]  xo,  143;  Ann.  der  Phys.  Gil- 
bert, 63,306. 

S  Bouchardat,  1839  :  Compt.  rend.  9,  475 ;  V Institute  7,  358. 

4  Both  apparently  acting  under  the  opinion,  due  to  that  little  chemistry  which  has 
often  brought  all  chemistry  into  disrepute,  that  a  precipitant  in  a  test-glass  will  serve 
as  an  antidote  in  the  stomach. 

^  Ann,  chim. phy%.  [si  38,  83. 
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alkaloids,'  v.  Planta-Richenau  specifies  for  each  a  precipitation 
by  free  iodine.  In  1854,  shortly  after  A.  W.  Hofmann's famous 
elucidation  of  organic  ammonium  bases,*  Weltzien  contributed 
a  full  and  careful  description'  of  the  tetramethyl  and  tetraethyl 
ammonium  triiodides.  In  1858  Miiller  added  a  good  account^  of 
quaternary  mixed  alkyl  ammonium  triiodides.  In  1866  Wag- 
ner^ proposed  iodine  precipitation  and  a  method  of  treatment  of 
the  periodide  precipitates  for  separation  of  alkaloids  from  extrac- 
tive matters.     And  Tilden  made  a  contribution  in  i866.* 

The  masterly  work  of  Jorgensen,  beginning  with  his  disser- 
tation at  Copenhagen  in  1869,  continuing  for  about  nine  years' 
in  this  field,  and  extending  over  nearly  all  relations  of  polyio- 
didesin  general,  have  had  the  respect  of  all  chemists,  while 
hardly  yet  fully  assimilated. 

In  1887  this  subject  was  taken  up  by  Professor  A.  Geuther,  at 
Jena,  who  contributed®  a  good  number  of  new  periodides  from 
his  own  laboratory,  with  a  tabulation  of  all  then  obtained,  and  a 
vigorous  and  independent  study  of  the  features  of  structure.  The 
crystallographic  investigations  were  made  by  Prof.  Liidecke. 
Prof.  Geuther  died  in  1889. 

In  1869  Jorgensen'  formulated  his  idea  of  the  probable  struc- 
ture of  *' these  compounds,'*  taking  iodine  as  trivalent,  as  fol- 
lows:*^ 

R^N .  I  :  ..      ;  R^N.I :  .  * ..  ;  etc.,  for  periodides  of  uneven 

JL  JL    •    JL 

numbers  of  iodine  atoms. 

R^N.I  :.*.'.:  I.N R.  for  those  of  even  iodine  numbers. 
I.I.I 

And  R^N.I:  .   :  Hg  for  a  typical  iodomercurate.     This  simple 

1^ Heidelberg  dissertation,  1846.    Ann.  Chem.  Pharm.,  74,  345. 

2 1850-3 1:  Phil.  Trans.  I.    93-131 1  357-398. 

iAnn.  Chem.  Pharm.,  gx,  33;  99,  i. 

*Ann,  Chem.  Pharm.,  zo8,  i. 

6  Ztschr,  anal.  Chem.,  4,  387. 

«y.  Chem.  Soc,  19,  145,  1871. 

lJ.prakt.Chem.,  1870-78,  [233,347,433;  3,145,  328;  14,  213,  356;  15,  65,  418;  16,352. 
Ber.  d.  chem.  Ges.,  a,  460, 1869. 

*Ann.  Chem.  (lyiebiff),  340,  66-91. 

9 Ber.  d.  chem.  Ges.,  a,  465,  i86g, 

10  The  present  writer  gives  R4N  as  an  expression  for  any  organiobase  of  nitrogen, 
instead  of  "  Alk"  used  by  Jdrgensen. 
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conception  is,  of  course,  consistent  with  an  iodine  valence  of  five 
or  of  seven. 

Geuther*  drew  from  the  optical  studies  of  the  color  of  iodine 
crystals  by  Conroy  the  indication  that  the  molecular  mass  of 
the  crystalline  element  is  that  of  (IJn-  He  made  this  generali- 
zation as  to  color  of  the  periodides,  that  thetri  and  hepta  iodides 
were  red-brown  to  violet-blue,  and  the  penta-  and  enneaiodides 
green  to  green-black,  the  higher  iodine  numbers  giving  the 
deeper  shades.*  He  presents  structural  schemes  of  orders  as  fol- 
lows : 

For  the  triiodides,  (R,IJI,,=  6(RI.I,);  for  the  haptaiodides, 
(R,I,)I„  =  2(RI.I,);  for  the  pentaiodides,  (RJ,)I,.  =  4(RI.I,); 
and  for  the  enneaiodides,  (RJJIj.r^  2(RI.IJ. 

In  the  laboratory  of  the  writer  the  preparation  of  periodides  of 
pyridine  is  in  the  hands  of  Mr.  P.  F.  Trowbridge,  and  an  ac- 
count of  some  of  these  is  communicated  by  both  of  us  in  another 
paper,  while  he  continues  the  work  for  pyridine  and  quinoline. 
Some  work  on  periodides  of  the  more  simple  of  the  aliphatic  bases 
is  in  other  hands.  In  this  subject  a  pyridine  normal  poly  bromide, 
namely  a  trimethylene  bromide,  obtained  by  Mr.  R.  F.  Flinter- 
man,  is  reported  upon  in  a  paper  by  him  and  m3'self.  There- 
with it  is  desired  to  continue  studies  of  the  limit  of  tertiarj'  base 
addition  to  halogen  alkyls  which  are  secondary  and  tertiary.  I 
submit  also  a  note  with  the  observations  of  several  workers  upon 
the  preparation  and  properties  of  a  few  pyridine  alkyl  normal 
iodides,  and  Mr.  S.  H.  Baer  has  some  work  in  progress  with  me 
upon  pyridine  alkyl  hydroxides. 

Ann  Arbor.  Michigan.  • 
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By  F.  p.  Dunninoton. 

Received  August  7,  1895. 

SOME  years  ago  I  published'  a  description  of  a  gas-regulator, 
which  is  now  so  modified  as  to  make  it  less  bulky  and  more 
reliable.     Its  arrangement  may  be  understood  by  reference  to  the 

"^Ann.  Chem.  (Liebigr),  240,  85. 

3  This  generalization,  to  which  Prof.  Geuther  acknowledged  reported  exceptions, 
finds  little  support  in  the  observations  which  Mr.  Tn>wbridge*aud  the  writer  have  been 
able  to  make. 

^Am.  Chem.J.^  4,  a. 
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figure,  with  the  accompanying  scale  the  measure  of  the  inner 
walls  of  the  tubes  may  be  ascertained,  and  other  dimensions  are 
drawn  to  two-thirds  of  this  scale. 

The  tube  B  with  stout  walls,  about  forty  cm.  long  is  attached 

to  the  bulb  A.  Into  the  tube 
C,  thirty-five  cm.  the  small  side 
tube  D  is  fused.  Unite  C  to 
B,  and  bend  all  as  indicated. 
Into  the  tube  L  fuse  the  side 
tube  and  at  M,  bend  at  right- 
angles  ;  similarly  make  the 
tube  O.  These  latter  are 
passed  through  corks,  set  in 
the  upright  board  J.  B  also 
is  passed  through  this  board, 
which  then  serves  to  screen 
the  apparatus  from  the  heat 
of  the  bath,  and  C  is  firmly 
fastened  to  it. 

The  light  tube  E,  fifty  cm. 
long  terminates  at  F  with  a 
slit,  made  by  blowing  a  hole 
through  its  side  and  then  draw- 
^„««««t  ing  it  out.  This  slidesthrough 
a  joint  at  G,  made  with  two 
sections  of  rubber  tubing,  and 
also  through  a  screw-eye  at 
H.  Upon  E  slides  a  bit  of  rub- 
ber tubing  I,  which  is  com- 
pressed by  a  wire  around  it, 
the  end  of  which  serves  as  an 
index.  E  is  connected  to  L  by 
fifteen  cm.  of  light  one-eighth  rubber  tubing,  D  is  connected 
with  O,  and  ly  is  joined  to  O  by  a  rubber  tubepinched  by  a  screw 
clamp  at  Q.  A  piece  of  card-board,  RS,  is  pasted  to  the  board. 
By  warming  and  cooling  the  tube  C  is  filled  with  mercury,  as  in- 
dicated. To  graduate  the  apparatus,  connect  L  with  gas  sup- 
ply and  O  with  a  burner,  pinch  the  tube  at  N,  open  Q  sufficiently 
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to  maintain  a  small  flame,  relieve  N  and  push  down  £  until  the 
flow  of  gas  through  P  just  ceases;  then  slide  the  index  I  almost 
to  the  lower  end  of  E,  and  upon  the  paper  mark  the  point  cor- 
responding to  the  temperature  of  the  bulb  A,  Place  bulb  A 
and  a  thermometer  in  a  water-bath,  with  the  burner  beneath, 
and  raise  E.  When  the  temperature  of  the  bulb  A  is,  say  50°  C, 
lower  E  until  the  flow  of  gas  through  F  just  ceases,  and  make  a 
mark  on  the  scale  for  50°,  similarly  fill  out  this  scale  to  100''  C, 
and  for  higher  temperatures  employ  an  air-bath,  or  preferably  a 
paraffin  bath. 

In  using  the  apparatus,  E  is  lowered  until  the  gas  through  F 
is  just  cut  off  and  the  index  is  moved  up  or  down  the  tube  until 
it  points  to  the  figure  marking  the  temperature  of  the  atmosphere 
in  which  A  is  exposed.  Having  fixed  the  index,  the  tube  E  is 
raised  until  the  index  marks  the  temperature  at  which  it  is  de- 
sired to  maintain  the  bulb. 

This  adjustment  of  the  index,  whenever  the  regulator  is  used, 
eliminates  the  effect  of  the  thermometer  and  barometric  pressure 
upon  the  volume  of  air  confined  in  A,  B  and  C,  and  so  corrects 
a  defect  existing  in  most  instruments  of  this  kind. 

University  of  Virginia. 


INSPECTION  OF  COTTON  FOR  USE  IN  THE  flANUFAC- 

TURE  OF  GUNCOTTON.* 

By  Charles  £.  Munroe. 

Received  August  a,  1895. 

WHEN  converting  cotton  into  guncotton  by  immersion  in 
mixed  acids,  as  practiced  in  the  Abel  process,  it  is  essen- 
tial that  the  cotton  should  rapidly  absorb  the  acid  for  if  the  portion 
that  is  taken  for  immersion  be  but  slowly  absorbent,  it  is  likely 
when  but  partly  saturated  to  rise  to  the  surface  of  the  acid  and  on 
exposure  to  undergo  the  rapid  decomposition  technically  called 
**  firing  ''  To  secure  the  desired  result  the  cotton  should  be  free 
from  oil,  grease,  and  any  protecting  body.  Theirpresence  not  only 
diminishes  the  absorptive  power  of  the  cotton  but  they,  in  com- 
mon with  the  knots,  tangles,  cops,  hulls,  seeds,  or  similar  for- 
eign bodies,  promote  decomposition.     It  is  a  common  practice  to 

1  Read  at  the  Brooklyn  meeting. 
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use  weaver's  waste,  or  waste  from  the  cotton  gauze  factories, 
in  this  manufacture  on  account  of  its  cheapness  and  because  it 
is  found  also  that  the  thready  form  permitsof  ready  handling  in  the 
hand-dipping  and  its  compactness  diminishes  the  amount  of  air 
which  becomes  entangled  in  the  mass,  as  compared  with  that 
entangled  in  a  similar  mass  of  cotton  **  in  the  wool,'*  and  conse- 
quently the  bouyancy  of  the  mass  is  less. 

Such  waste  necessarily  becomes  soiled  with  oil  or  grease,  to 
a  greater  or  less  degree,  during  the  carding  and  spinning,  and 
it  may  contain  besides  knots,  cops,  tangles,  and  foreign  bodies 
of  various  kinds,  which  latter  are  removed  by  means  of  the 
picker,  while  the  oil  and  grease  are  removed  by  boiling  with 
soda  Ij^e.  Hence  in  determining  the  relative  value  of  various 
samples  of  cotton  offered  for  purchase,  the  relative  amount  of 
the  grease,  foreign  bodies,  and  waste  to  be  removed  and  of  knots 
and  tangles  present,  together  with  the  general  cleanliness  of  the 
sample,  ire  to  be  considered. 

Based  on  considerations  such  as  these,  the  method  of  inspec- 
tion is  as  follows : 

1.  Optical  examination  for  color,  cleanliness,  presence  of 
cops,  knots,  tangles,  and  foreign  bodies,  and  for  relative  length 
and  strength  of  fiber. 

2.  Odor. 

3.  Moisture,  which  is  determined  by  drying  a  portion  at  100** 
C.  to  constant  weight. 

4.  Ether  extract,  which  is  determined  by  subjecting  the 
weighed  sample  to  the  action  of  petroleum  ether  (boiling-point 
50°-8o°  C.)  in  a  Soxhlet  extractor  until  the  sample  ceases  to  lose 
weight.  The  method  of  procedure  is  to  expose  the  weighed 
sample  in  a  light  glass  basket  to  ten  automatic  exhaustions, 
when  it  is  removed,  dried,  and  weighed.  It  is  then  returned  to 
the  extractor  and  subjected  to  five  automatic  exhaustions,  when 
it  is  again  dried  and  weighed.  If  it  has  lost  weight  by  the  last 
treatment  the  basket  and  contents  are  again  returned  to  the 
extractor  and  exhausted  three  times  and  this  treatment  is 
repeated  until  the  weight  becomes  constant. 

The  weight  of  the  samples  taken  in  the  experiment  varied 
between  one  and  one  and  a  half  grams  and  the  extractor  had  a 
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capacity  of  forty  cc.  for  each  automatic  exhaustion.  The  ether 
extracts  the  oily  matters  in  the  cotton,  both  those  which  occur 
naturally  and  those  which  it  has  absorbed  in  the  processes  to 
which  it  has  been  subjected. 

5.  Soda-lye  extract,  which  is  determined  by  boiling  the 
weighed  sample  for  eight  hours  in  a  solution  of  sodium  hydrox- 
ide of  the  same  strength  and  in  the  same  proportions  as  that 
used  in  the  factory  in  the  first  boiling  tub.  For  this  purpose  the 
waste,  if  in  long  bundles,  is  cut  into  pieces  about  one  inch  long, 
and  ten  grams  of  it  placed  in  a  beaker  of  about  a  half  liter 
capacity,  104  cc.  of  a  solution  of  caustic  soda  containing  17.305 
grams  to  the  liter  (thirty-five  pounds  to  250  gallons  of  water) 
are  poured  upon  it  and  the  boiling  carried  on  for  eight  hours, 
fresh  water  being  added  from  time  to  time  to  keep  the  solution 
at  constant  volume.  At  the  end  of  eight  hours  the  liquid  is 
poured  off  and  the  sample  placed  in  a  cotton  filter,  where  it  is 
squeezed  and  washed  with  hot  water  until  the  wash  water  gives 
no  alkaline  reaction.  The  sample  is  then  dried  to  constant 
weight. 

6.  Ash,  which  is  determined  by  placing  from  one  to  one  and 
a  half  grams  of  the  sample  in  a  weighed  platinum  crucible  pour- 
ing melted  paraffin  upon  the  mass,  igniting  it  from  the  top, 
allowing  it  to  bum  slowly  until  the  flame  dies  out  and  then 
igniting  the  residue  to  constant  weight. 

7.  Rate  of  absorption  of  water.  In  making  this  test  a  sample 
of  the  material  is  thrown  or  dropped  lightly  on  the  surface  of 
distilled  water  and  the  time  between  when  it  touched  the  sur- 
face and  when  (through  absorption  of  the  water  by  capillarity) 
it  sinks  to  the  bottom  noted.  One  of  the  requisites  for  cotton 
suitable  for  making  smokeless  powder  is  that  it  shall  sink  in  two 
minutes.  In  these  experiments  the  cottons  were  tested  not  only 
in  the  condition  in  which  they  were  received  but  also  after 
treatment  with  ether  ;  after  drying  for  moisture ,  and  after  boil- 
ing with  soda-lye  ;  all  being  in  the  dry  state.  The  vessel  used 
varied  in  diameter  from  three  to  six  inches,  while  the  tempera- 
ture of  the  water  varied  from  20"*  to  25®  C.  These  differences 
or  that  of  the  size  and  form  of  the  pellet  seemed  to  produce  no 
effect,  but  special  attention  must  be  paid  to  having  distilled 
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water  with  a  perfectly  clean  surface.  With  the  same  sample  of 
cotton  there  were  considerable  variations  in  the  time  of  sinkings 
to  the  bottom  of  the  vessel  although  the  time  of  becoming  thor- 
oughly saturated  so  as  to  become  submerged  at  the  surface  was 
fairly  constant.  The  fact  that  the  mass  remained  at  the  surface 
after  saturation  was  found  usually  to  be  due  to  a  bubble  of  air 
entangled  in  the  mass  which  bouyed  it  up,  or,  less  often,  to  a 
small  portion  of  the  mass  being  non-absorbent.  This  condition 
was  evident  on  inspection  as  the  non-absorbent  portion  of  the 
sample  remained  opaque,  while  the  absorbent  portion  appeared 
translucent.  When  the  absorption  failed  to  begin  at  once  it 
usually  did  not  take  place  at  all,  even  after  twenty-four  to  forty- 
eight  hours  exposure,  or  even  when  the  whole  mass  was  forcibly 
plunged  beneath  the  water,  in  fact  in  these  cases  there  seemed 
to  be  an  actual  repulsion  between  the  water  and  the  fiber.  As 
what  we  seek  to  learn  by  this  test  is  the  relative  rates  at  which 
the  cottons  tested  will  suck  up  the  mixed  acids  during  drip- 
ping, it  would  seem  sufficient  to  note  the  moment  at  which 
they  become  thoroughly  wet  and  submerged  beneath  the  sur- 
face. 

The  detailed  results'  obtained  with  five  samples  submitted  at 
one  time  are  as  follows  : 

I.  Sample  I, — Off  white,  yellowish  tint.  Cop  waste.  No  cops 
in  sample.  No  knots.  Long  threads,  somewhat  tangled.  Free 
from  dirt  and  rust  spots.     Strong  fiber. 

Sample  2. — Off  white,  yellowish  tint.  Cop  waste.  No  cops 
in  sample.  No  knots.  Long  threads,  somewhat  tangled.  Free 
from  dirt.     Very  strong  fiber. 

Sample  j. — Off  white,  yellowish  tint.  Long  threads,  freer 
from  tangles  than  /  or  2,     Free  from  dirt.     Strong  fiber. 

Sample  4, — White.  Partly  short  threads  and  partly  loose  fiber 
as  if  picked.  Has  evidently  undergone  special  treatment.  No 
cops,  knots,  tangles  or  dirt,  but  a  few  rust  spots. 

Sample^. — White.  Whole  fibrous  and  wooly,  as  if  picked, 
the  fibers  being  not  over  an  eighth  of  an  inch  in  length.  Has 
evidently  undergone  special  treatment.  No  cops,  knots,  tan- 
gles or  dirt,  but  a  few  dark  specks. 
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2.  Sample  i, — Faint  odor  of  oil. 

2, — Very  faint  odor  of  oil. 

J. — Marked  odor  of  oil. 

4. — Very  faint  odor  of  oil. 

5*. — Verj'^  faint  odor  of  naphtha  (?) 

The  percentages  of  moisture,  ether  extract,  soda-lye  extract, 
and  ash,  (j,  -/,  5,  and  6\  are  given  in  the  following  table: 


(( 


(( 


( ( 


ti 


Sample 
No. 

I 

2 

3 

4 


Moisture. 
4.93 
4.79 
5.17 
4.36 
4.69 


Ether 
extract. 

0.97 

0.49 

1.20 

0.53 
0.09 


Soda-lye 
extract. 

9.16 
10.36 

9.26 
13.69 

7.58 


Soda-lye 

extract  less 

moisture 

and  ether 

extract. 

3.26 

5.08 

2.80 

8.80 

2.80 


Ash. 
0.86 

0.75 
0.80 

0.61 

0.40 


7.  The  rates  of  absorption  of  water  found  was  as  follows: 


Sample 
No, 


I. 


Orisrinal 


igii 
idit 


condition 
of  sample. 

Min.    Sec. 


00 


After  ex- 
haustion 
with  pe- 
troleum 
ether. 

Min.    Sec. 


00 


After  boil- 
ing in  soda- 

lye. 
Min.  Sec. 


{ 


2. 


00 


4. 


{ 


00 

3 

5 
I 


15 
15 
15 


5. 


00 


{ 

\ 


00 


00 

60 
45 


45 

45 
20 

L43 


{ 


00 
00 
00 

00 
00 
40 
50 
30 
00 
10 
8 

7 
4 

10 

4 
4 


After  dry- 
ing for 
moisture 
determi- 
nation. 

Min.    Sec. 


00 


00 


00 


W 


00 
00 

45 


00 


°°  No  submersion  after  twenty-four  hours'  exposure. 

The  appearance  of  the  ash  and  of  the  soda-lye  after  extrac- 
tion are  worthy  of  notice.  In  samples  i,  2,  and  3,  the  ash  ob- 
tained was  of  a  light  green  color,  the  green  portion  being  soluble 
in  water,  leaving  a  yellowish  residue,  which  was  insoluble.  The 
ash  of  samples  4  and  5  was  reddish.    The  color  seemed  to  be  due, 
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in  each  case,  to  iron,  it  being  in  the  ferrous  condition  in  the  first 
three  cases  and  the  ferric  in  the  last  two.  As  the  latter  evi- 
dently have  been  bleached  with  chlorine,  this  treatment  would 
naturally  oxidize  the  iron. 

Soon  after  boiling  the  lye  with  the  cotton  began,  the  former, 
which  was  colorless  at  the  start,  began  to  acquire  a  color  which 
increased  in  intensity  for  some  hours.  In  the  case  of  samples 
I,  2,  and  3,  the  lye,  when  the  operation  was  finished,  was  of  a 
pale  sherry  wine  color.  No.  4  was  of  a  port  wine  color,  while  No. 
5  was  of  a  deep  sherry  wine  color. 

From  this  examination  the  samples  are  divided  into  two  classes, 
viz,',  cop  waste  and  short  fiber,  treated  cotton.  Samples  i,  2, 
and  3  being  in  the  first  class  and  samples  4  and  5  in  the  second. 

The  short-fibered  cotton  cannot  be  nitrated  successfully  with 
the  usual  appliances  and  the  presence  of  chlorine  is  objectionar 
ble  as  the  cellulose  nitrates  produced  from  such  cotton  cannot  be 
washed  neutral. 

Of  the  cop  wastes,  which  are  adapted  to  our  present  methods 
of  manufacture,  sample  i  seems  on  the  whole  to  be  the  best, 
though  it  is  but  little  superior  to  sample  2. 

From  the  observations  made  it  was  found  that  in  eighteen 
samples  of  cotton  waste — 

The  moisture  varied  from  3.38  to  8.40  per  cent. 

The  ether  extract  from  0.00  to  7.10  per  cent. 

The  soda-lye  extract  from  3.53  to  5.36  per  cent. 

The  ash  from  0.05  to  1.79  per  cent. 

The  rate  of  absorption  after  soda-lye  extraction  from  one  second 
to  over  twenty-four  hours. 

A  sample  of  cottonseed  lint  gave — 

Ether  Soda-lye  Rate  of 

Moisture.  extract.  extract.  Ash.  .      absorption. 


00 


6.16  2.35  28.54  4.83 

A  sample  of  waste  cotton  gauze  gave — 

Ether  Soda-lye  Rate  of 

Moisture.  extract.  extract.  A^.  absorption. 

7.37  0.50  3-89  -95  7  seconds. 

The  rates  of  absorption  quoted  are  for  samples  dried  after  re- 
ceiving the  soda-lye  treatment.  As  indicated  above,  observa- 
tions were  also  made  on  the  original  sample  and  after  treatment 
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with  ether,  both  after  drying.  The  highest  rate  was  obtained 
after  boiling  with  soda-lye ;  many  samples  being  still  non- ab- 
sorbent after  treatment  with  ether. 

Treatment  with  the  soda-lye  even  improved  the  absorbent 
power  of  the  samples  of  "Absorbent  Cotton"  submitted  for  test- 
ing the  rate  being  increased  from  three  seconds  for  the  dried, 
untreated  cotton,  to  one  second  for  that  which  had  been  treated. 

Experiments  were  made  on  the  absorptive  capacity  of  the  cot- 
ton, and  in  one  case  a  six-gram  sample  of  absorbent  cotton  was 
found  to  retain  ninety-three  grams  of  water  or  15.5  times  its  own 
weight. 

[Contribution  from  the  John  Harrison  Laboratory  of  Chemistry 

No.  8.] 

REDUCTION  WITH  flAQNESIUM  AMALGAM, 

By  Hermann  Fleck  and  I<ewis  t,.  Bassett. 

Received  Au^st  ax,  1895. 

THE  subject  of  neutral  reducing  agents  has  been  taken  up 
in  a  recent  publication  bj'  J.  B.  Cohen  and  R.  Ormand}-.* 
The  study  of  the  same  subject  has  been  carried  on  in  this  labora- 
tory during  the  past  year.  For  this  purpose  magnesium  amal- 
gam, two  per  cent.,  was  prepared  in  the  following  manner : 

The  required  amount  of  mercury  is  placed  in  a  small  Hessian 
crucible  and  half  covered  with  magnesium  powder.  The  lid  is 
put  on  loosely  and  the  blast  applied  until  a  loud  hissing  noise 
begins.  Once  begun  the  reaction  takes  place  by  itself.  This  is 
repeated  until  the  requisite  quantity  of  magnesium  powder  has 
been  added.  A  more  uniform  mass  is  obtained  by  boiling  mer- 
cury in  a  hard  glass  tube,  open  at  one  end ;  then  adding  the 
magnesium  in  small  quantities  and  shaking  vigorously  after  each 
addition.  The  product  is  a  silver  white,  crystalline,  pasty  mass 
which  decomposes  water  with  great  energy  and  evolution  of 
heat,  and  which  upon  exposure  to  air  becomes  covered  with  a 
black  mass  ;  probably  a  lower  oxide  of  magnesium. 

MAGNESIUM  AMALGAM  AND  HYDROCYANIC  ACID. 

Two  hundred  cc.  of  ninety-six  per  cent,  alcoholic  solution  of 
hydrocyanic  acid  containing  eight  grams  of  the  acid  were  placed 

1  B^r.  d.  chem.  Ges.^  37,  1505. 


790  REDUCTION  WITH   MAGNBSIUM   AMALGAM. 

in  a  liter  distilling  bulb  connected  to  a  condenser  by  a  rubber 
tube.  The  condenser,  by  means  of  a  long  glass  tube,  led  into  a 
flask  containing  dilute  hydrochloric  acid,  and  this  in  turn  was 
attached  to  a  suction  pump.  After  cooling  in  a  mixture  of  ice 
and  salt  a  small  quantity  of  the  amalgam  was  introduced  into 
the  neck  of  the  distilling  bulb,  the  cork  replaced,  and  by  a  sharp 
jerk  introduced  into  the  liquid.  When  the  theoretical  amount 
of  two  per  cent,  amalgam  had  been  introduced  the  contents  were 
directly  distilled  into  dilute  hydrochloric  acid  evaporated  to  dry- 
ness, redistilled  with  addition  of  caustic  soda  into  dilute  hydro- 
chloric acid,  evaporated  to  dryness,  and  extracted  with  absolute 
alcohol.  A  small  amount  of  ammonium  chloride  remained, 
produced  by  the  action  of  hydrochloric  acid  upon  the  uncon- 
verted hydrocyanic  acid. 

The  yield  was  fifteen  percent,  o.  1 122  grams  methylamine 
platinichloride  gave  41.08  per  cent,  platinum,  the  theory  being 
41 .24  per  cent.  With  more  than  the  theoretical  amount  of  amal- 
gam a  larger  yield  can  surely  be  obtained. 

MAGNESIUM  AMALGAM  AND  BENZONITRILE. 

Ten  grams  benzonitrile  were  dissolved  in  200  cc.  of  ninety-six 
per  cent,  alcohol  and  twice  the  theoretical  amount  of  amalgam 
added  under  the  same  conditions  as  above.  The  reaction  prod- 
uct was  filtered  on  a  suction  pump  from  the  magnesium  hydrox- 
ide formed  and  evaporated  to  dryness  with  hydrochloric  acid, 
caustic  soda  added  and  extracted  three  times  with  ether.  The 
iethereal  solution  was  evaporated  with  hydrochloric  acid  to  dry- 
ness and  the  residue  extracted  with  absolute  alcohol.  There  re- 
mained one  gram  of  a  crystalline  substance  melting  under  100°  C, 
whose  alcoholic  solution  immediately  reduced  platinic  chloride. 
This  substance,  possibly  of  a  hydride  nature,  will  be  further  in- 
vestigated. 

MAGNESIUM   AMALGAM   AND   ACETOPHENONE. 

Ten  grams  acetophenone  were  dissolved  in  fifty  cc.  ether  and 
somewhat  more  than  the  theoretical  quantity  of  amalgam  added. 
When  the  mass  cakes,  alcohol  is  added  and  then  sJufl&cient  water 
to  completely  decompose  the  amalgam.  Dilute  hydrochloric 
acid  is  added  to  dissolve  the  magnesium  hydroxide  formed,  and 
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the  semi-crystalline  mass  extracted  with  ether,  the  ethereal  solu- 
tion evaporated  to  dryness^  crystals  formed  freed  from  oily  sub- 
stance by  washing  with  ligroin,  and  recrystallized  from  benzene. 

Of  the  products  theoretically  possible,  acetophenone  pinacone, 
or  diphenyl  dimethyl  glycol,  forms  large  colorless  prisms, 
melting  at  120''  C.  The  product  obtained  melts  at  120**  C,  and 
in  every  particular  corresponds  to  the  above.  The  yield  was 
excellent. 

It  is  our  intention  to  further  pursue  the  investigations  with 
nitriles,  ketones,  oxynitriles,  and  amido-nitriles. 

University  op  Pbitnbylva.nia. 


TWO  DEFINITE  CARBIDES  OF  IRON  WITH  CHROHIUM 
(MOLYBDENUM  AND  TUNGSTEN). 

By  James  S.  db  Bbnnbvillb 

Received  September  6,  1895. 

A  PREVIOUS  paper'  described  in  detail  the  results  of  a 
chemical  examination  of  some  ternary  alloys  of  iron  with 
chromium,  molybdenum,  and  tungsten.  In  the  course  of  the 
experiments  there  described  two  definite  carbides  were  separa- 
ted and  it  is  proposed  to  give  additional  details  obtained  later. 
The  physical  description  of  the  crystals  is  taken  from  Professor 
F.  Lynwood  Garrison's  discussion  of  the  paper  cited.*  The 
alloys  described  were  made  by  taking  pairs  of  the  elements: 
tungsten  chromium  irons,  molybdenum  chromium  irons,  and 
molybdenum  tungsten  irons.  The  proportions  taken  were  not 
based  on  equal  weights  but  on  quantities  taken  in  the  ratio  of 
the  atomic  masses  of  the  constituents.  They  were  i:i,  5:1, 
and  1:5.  A  lump  of  cast  iron  weighing  fifty  grams  was 
imbedded  in  the  mixture  and  melted,  a  white  heat  being  main- 
tained for  an  hour.  The  aggregations  to  be  described  were 
found  in  the  chromium  alloys  and  only  in  the  two  alloys  (Nos. 
II  and  V)  in  which  chromium  was  the  predominant  metal. 
These  two  alloys  showed  well  individualized  crystals  differing  in 
form  and  reactions  from  the  matrix  in  which  they  were  imbedded. 

1  Iron  and  Steel  Institute,  May  meeting,  1S95. 

s  Ibid,  I  take  this  opportunity  of  expressing  my  indebtedness  to  Professor  Garrison, 
through  whose  kind  o£fer  I  was  enabled  to  present  this  paperf  to|  the  council  of  the 
Institute. 
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Berthier  and  also  Percy'  have  noted  the  presence  of  needle- 
shaped  crystals  in  ferrochromium  and  in  chromium  steels. 
Further  details  are  not  given.  Behrens  and  Van  Linge,  in  a 
recent  paper,  have  described  at  length  the  physical  and  chem- 
ical properties  of  segregations  in  ferrochromium.  On  treating 
the  alloy  with  acid  they  obtained  bayonet  or  rod-shaped  crystals, 
three  to  four  millimeters  in  length,  a  few  being  eight  to  ten, 
non-magnetic,  of  hardness  7.5.  The  composition,  however, 
varied  with  the  ferrochromium  from  which  they  were  ob- 
tained ;  ferrochromium  with  13.8  per  cent,  chromium,  eighty- 
one  per  cent,  iron,  and  five  and  one-half  per  cent,  carbon, 
giving  the  compound  .Cr,Fe,C3,  whereas  with  fifty  per  cent, 
chromium,  the  composition  was  approximately  Cr,FeC,.  They 
point  out  the  relation  of  the  first  compound  to  Fe,C,  chromium 
replacing  a  part  of  the  iron,  and  consider  that  chromium  forms 
*  *  double  carbides  less  soluble  in  iron  than  the  ferrocarbides,  at 
the  same  time  facilitating  the  crystallization  of  the  latter.*** 

Considering  the  marked  development  of  the  segregations  in 
the  ternary  alloys  it  appears  to  me  doubtful  whether  they  are  to 
be  referred,  as  to  origin,  to  the  iron  carbides.  The  prismatic 
form  is  not  a  dominant  one  with  the  iron  carbides,  although  it  is 
found  under  certain  conditions.  Howe,  citing  Sorby,  notes 
three  successive  crystallizations  in  hard  cast-steel.  I  quote  him 
in  extenso  :  he  says,  **  First  we  have  the  large  prismatic  colum- 
nar crystals,  normal  to  the  cooling  surface,  and  conspicuous  on 
fracture.  They  apparently  represent  the  first  crystallization,  be 
it  of  hardenite,  be  it  of  the  hypothetical  mother-of-pearlyte, 
which  in  this  case  has  expelled  the  excess  of  cementite  present, 
distributing  it  as  an  elongated  meshwork  between  the  crystals. 
Secondly,  these  columns  or  crystals  are  chiefly  composed  of 
groups  of  pearlyte,  disposed  with  little  or  no  relation  to  the 
columnar  structure,  indeed  shooting  from  one  column  into 
another,  and  apparently  formed  from  the  substance  of  the  pri- 
mary crystals  of  a  second  crystallization.  Finally,  by  a  third 
crystallization,  each  of  the  individual  members  of  the  radial 

1  Percy,  Iron  and  Sieel,  p.  i86.    Berthier  from  Percy  not  the  original. 

2  Recuil  trav.  chim.  Pays-Bas.,  13,  155-181.  Prom  the  abstracts  in  J.  Soc.  Ok^m. 
Ind.,  14,  275, 189s,  andy.  Chem.  Soc.^  64,  452, 1894. 
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groups  of  pearl3rte  has  split  into  parallel  layers  of  cetnentite  and 
ferrite,  which  apparently  occupy  the  space  previously  occupied 
by  a  simple  undivided  crystal."  Again,  *' the  exterior  colum- 
nar structure  is  clearly  due  to  the  rapid  escape  of  heat  from  the 
shell  of  the  ingot  into  the  mold.  We  may  suppose  that  the 
metal  naturally  tends  to  crystallize  in  equiaxed  grains :  that 
there  is  a  struggle  between  this  tendency  and  the  tendency  to 
crystallize  in  indefinitely  long  prisms  which  the  rapid  cooling 
sets  up.  As  the  walls  thicken  and  the  flow  of  heat  outward 
slackens,  the  prismatic  tendency  weakens :  the  sudden  transition 
from  the  prismatic  to  the  equiaxed  formation  suggests  that  no 
resultant,  no  compromise  is  possible,  so  that  from  the  momenl 
when  the  equiaxial  tendency  outweighs  the  prismatic  it  reigns 
alone,  as  if  its  rival  were  not.'*'  This  is  the  only  mention 
of  prismatic  structure  in  ordinary  carbon  steel  that  I  find  in  the 
*  *  Metallurgy.  *  *  If  the  intense  hardness  of  ferrochromium,  ferro- 
tungsten,  and  ferromolybdenum  is  to  be  ascribed  to  the  conver- 
sion of  the  carbon  present  into  hardening  carbon  and  its  reten- 
tion in  that  form — although  from  the  researches  of  Riche  and 
especially  of  Moissan  this  hardness  can  just  as  well  be  attributed 
to  carbides  of  chromium,  tungsten,  or  molybdenum — the  alloys 
under  discussion  can  be  justly  compared  to  hard  cast-steel  con- 
taining a  large  excess  of  carbon  and  the  prismatic  form  of  the 
crystals  in  II  and  V  could  be  attributed  to  a  structure  found  in 
such  steel  as  described  above.  However,  the  conditions  are  by 
no  means  identical.  The  crystals  in  II  and  V  are  present 
throughout  the  mass  forming  a  network  with  the  interstices 
filled  in  by  the  equiaxial  granular  material.  There  is  no  line 
where  the  equiaxial  tendency  has  overcome  the  prismatic  and  so 
sharply  differentiated  the  alloys  into  an  external  prismatic  shell 
surrounding  an  interior  of  equiaxed  grains.  Also,  the  crystals 
show  a  marked  increase  in  density  as  compared  with  the  granu- 
lar material  and  the  alloys  in  which  they  are  found  differ  in 
hardness  from  the  rest  of  the  series.  In  fact,  the  crystals  give 
every  evidence  from  their  sharpness  of  outline  of  having  a  higher 
freezing-point  and  as  having  separated  out  from  the  mass  of  the 
alloy  at  a  time  when  it  was  not  liquid  enough  to  effect  their 

1  Metallurgy  of  Steel,  p.  i8a,  183. 
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segregation  into  any  one  portion  of  the  alloy,  but  liquid  enough 
to  secure  their  own  crystalline  form  at  >the  expense  of  compounds 
crystallizing  later.  For  when  a  mass  of  iron  is  allowed  to  cool 
uniformly,  from  the  resultant  structure  it  would  appear  that  the 
constituent  compounds  have  freezing  points  not  so  far  removed 
from  each  other  as  to  effect  the  segregation  of  any  one  of  them 
into  a  part  of  the  mass.  This  has  no  reference  to  the  micro- 
structure  of  iron  and  steel  in  which  the  compounds  identified 
appear  to  be  somewhat  unstable  in  nature,  passing  readily  from 
one  form  to  the  other  even  by  cold  working.  The  columnar 
structure  is  only  stable  under  the  limited  conditions  existing  for 
its  formation  and  by  slight  alteration  of  the  method  of  cooling 
or  of  working  passes  readily  into  other  forms.  Also,  the  col- 
umns are  often  distinctly  a  mere  structural  arrangement  of  the 
granular  material  with  radial  lines  forming  prismatic  aggrega- 
tions in  which  the  granular  components  are  distinctly  manifest. 
There  is  in  the  micro  structure  of  steel  a  compound  to  the  devel- 
opment of  which  might  be  attributed  the  prismatic  and  needle- 
like form  when  found  in  iron  alloys.  This  has  been  described 
by  Osmond'  and  named  by  him  martensite.  It  is  found  in  steel 
of  0.45  carbon  heated  to  825®  and  tempered  at  720®  in  a  cooling 
mixture  of — 20**.  It  occurs  *'in  groups  of  needles  or  rather 
of  rectilinear  fibers  lying  parallel  and  separated  or  not  by  a 
granular  or  vermicular  filling.*'  From  the  grouping  of  three 
systems  of  fibers  respectively  parallel  to  the  three  sides  of  a 
triangle  he  regards  them  as  crystallites  of  the  cubical  system. 
In  the  absence  of  any  other  source  the  form  of  the  prismatic 
needles  found  in  ferrochromium  and  in  these  tungsten  chromium 
irons  (II)  and  molybdenum  chromium  irons  (V)  could  be  attri- 
buted to  the  development  of  the  microstructural  element,  to  the 
fixation  of  the  prismatic  columnar  structure,  or  to  the  rod-shaped 
fiber  structure  of  AbePs  carbide  Fe,C.  As  to  the  two  first,  in 
despite  of  their  instability  and  the  absence  of  any  boundary  line 
between  the  prismatic  and  granular  formations,  it  seems  to  me 
better  to  attribute  the  form  to  the  carbide  of  chromium  isolated 
by  Henri  Moissan.*    This  carbide,  of  formula  CCr^,  he  describes 

1  Bull,  de  la.  Soc.  d'Enc.  pour.  Tlnd.  Nat.,  May,  1895. 
3  Bull.  Soc.  Chim.  Paris,  11,  zoi6, 1894. 
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as  forming  needles  one  to  two  cm.  in  length  lining  the  cavities 
found  in  the  melt.  He  also  isolated  a  carbide  C,Cr,  occurring 
in  brilliant  lamellae.  Of  the  two  the  lamellar  carbide  was  the 
harder,  scratching  topaz  but  not  corundum,  whereas  the  pris- 
matic carbide  scratched  glass  readily,  but  quartz  only  with 
difficulty.  Both  carbides  were  very  stable  compounds  and  were 
chemically  inert.  The  crystals  found  in  the  ternary  alloys  were 
confined  to  the  high  chromium  compounds  in  which  the  ratio  of 
chromium  to  tungsten  or  molybdenum  was  as  five  to  one.  The 
alloys,  II  and  V,  were  much  softer  than  the  other  alloys,  which 
would  be  the  case  if  hardness  is  dependent  on  the  carbide  of 
chromium  present.  For  comparison,  Table  I  gives  the  compo- 
sition of  the  series  of  alloys. 

If  now  the  prismatic  segregations  in  ferrochromium  be  com- 
pared it  will  be  found  that,  with  the  exception  of  the  compound 
Fe,Cr,C„  chromium  is  the  dominant  constituent  in  the  carbide. 
For  example  : 

Tabids  II.    Segregations  in  Psrrochromiums. 

B.  and      B.  and  V.  V.  II.  II B. 

Van  L.      Van  L.  Analysis  x     Analysis  2. 

PcTCrjC,.  FcCr,C,.  Pe(CrMo),C4.  Pc(CrMo)8C4.  Fe(CrW)eC4.  Fe(CrW),C4 

Iron 0.8100    0.3030 

Chromium  ••  0.1380    0.5671 

Molybdenum    

Tungsten •  •  •  • 

Carbon 0.0550    0.1299 

Fe,Cr,C„  on  the  contrary,  could  fairly  be  classed  as  derived 
from  an  iron  compound — Fe,C.  This  compound,  isolated  by 
Abel  and  subsequently  by  Muller,  is  described  as  a  dark-grey 
residue  ;  Osmond  and  Werth  obtained  it  in  the  form  of  bright 
plates ;  Behrens  and  Van  Linge.  treating  Dannemora  iron, 
obtained  it  as  bright  spangles  and  rods  ;  and  Arnold  and  Read 
obtained  it  in  two  forms,  as  bright  silver  plates  and  as  a  grey 
black  powder  in  microscopic  granules.*  The  segregations  in 
the  ternary  alloys  are  to  be  compared  with  the  *  *  brilliant  white 
radial  needles'*  described  by  Behrens  and  Van  Linge  and  which 

1  Abel— Proc.  Inst.  Mech.  Bng.,  /8^,  p-  30  ;  Muller—Stahl  und  Eisen,  No.  5  ;  Osmond 
and  Werth — Annales  des  Mines  1895;  Behrens  and  Van  Mnge — as  cited,  1S94;  Arnold 
and  Read— y.  Chem.  Soc.  Trans.,  65-788, 1894.  Also  I^edebur  Jour.  Iron  and  Steel,  Inst. 
1893,  II.  53.  The  quotations  following  are  from  the  abstract  of  Behrens  and  Van  I^inge's 
paper. 
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are  characteristic  of  ferrocbromium,  attaining  a  very  marked 
development  which  places  them  entirely  outside  the  category  of 
micro  or  sub-micro  structure.  I  am  in  doubt  as  to  whether  the 
formula  Fe,Cr,C,  is  meant  to  represent  the  needles,  for  this  com- 
pound is  described  as  **  a  coarse  brownish  grey  lustrous  powder, 
made  of  small  bars,  of  which  many  are  three  to  four  mm.  in 
length."  The  data  are  confessedly  very  scanty  but  against  the 
iron  derivation  of  the  needles  is  to  be  placed  the  three  compounds 
found  in  the  ternary  alloy's  whose  constancy  can  hardly  be 
ascribed  to  the  constituent  tungsten  or  molybdenum,  metals 
chemically  to  be  classed  with  chromium  ;  and  the  existence  of 
Moissan's  carbide  Cr^C,  an  analogous  compound.  This  is  more 
clearly  understood  from  Professor  Garrison's  description  given 
later.  That,  however,  the  constitution  of  such  compounds  would 
be  dependent  on  the  composition  of  the  mixture  and  would  only  be 
fairly  constant  within  certain  limits  can  be  readily  understood, 
as,  for  example,  with  double  salts  crystallizing  in  varying  propor- 
tions ;  and  hence  when  the  iron  becomes  an  unimportant  factor 
in  the  composition  of  the  alloy  its  influence  would  correspond- 
ingly wane  in  the  compound  crystallizing  from  the  mixture,  and 
vice  versa.  It  is  to  be  noted,  moreover,  that  very  little  is  known 
of  the  valence  or  combining  power  of  the  elements  in  metallic 
alloys  and  not  only  is  this  lacking  for  iron  and  chromium,  but 
if  the  composition  of  the  crystals  is  dependent  on  the  composi- 
tion of  the  alio}'  and  the  temperature  at  which  they  separate 
there  may  also  be  an  alteration  in  the  ratio  in  which  iron  and 
chromium  combine,  for  valency  may  well  be  dependent  on  the 
temperature.  Note  that  alloy  II  contains  12.07  P^^"  cent,  of 
chromium  but  has  a  much  greater  content  of  chromium  in  the 
separated  crystals  than  the  compound  of  formula  Fe,Cr,C,. 

The  separation  of  the  crystals  from  the  granular  material  was 
readily  effected  by  the  comparatively  slight  action  of  nitric  acid 
which  left  the  crystals  as  residue  intermixed  with  a  little  silica. 
This  was  volatilized  as  silico-fluoride  and  after  washing  with 
water  and  subsequently  with  ninety-five  per  cent,  alcohol  the 
crystals  were  obtained  free  from  impurity.  Their  reactions 
show  them  to  be  chemically  very  inert  compounds.  As  stated, 
they  are  but  little  attacked  by  nitric  acid,  strong  or  dilute. 
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Hydrochloric  or  hydrofluoric  acid  does  not  attack  them.  Strong 
sulphuric  acid  slowly  decomposes  them  leaving  a  black  residue 
which  still  retains  the  form  of  the  crystals.  The  solvent  is  use- 
less as  a  means  of  analysis.  By  themselves  the  crystals  are 
attacked  but  slowly  by  strong  aqueous  solution  of  bromine  or  of 
iodine  and  only  on  heating.  However,  in  the  residue  obtained 
by  treating  the  allow  with  these  reagents  no  trace  of  the  crystals 
could  be  observed,  using  a  lens  magnifying  fifty  diameters. 
With  reflected  light  the  residues  showed  granular  masses  of 
irregular  shape  with  brilliant  metallic  luster.  From  the  mode 
of  occurrence  of  the  crystals  in  the  alloy  they  could  hardly  have 
been  absent  from  the  samples  examined.  At  a  red  heat  chlorine, 
bromine,  and  iodine  readily  decompose  them,  but  their  analysis 
is  best  effected  by  fusion  with  an  oxidizing  mixture  of  sodium 
carbonate  and  saltpeter  with  addition  of  caustic  soda. 

Professor  Garrison,  in  his  discussion,'  gives  the  form  and 
dimensions  of  the  crystals  as  follows:  **I  have  examined 
under  the  microscope  the  segregations  obtained  from  alloys 
II  and  V  and  find  them  to  consist  of  well  developed  prismatic 
hexagonal  crystals,  more  or  less  corroded  by  the  nitric  acid  sol- 
vent. I  was  not  able  to  detect  any  of  the  crystals  with  pyra- 
midal terminations  ;  most  of  them  appeared  to  have  been  broken, 
leaving  ragged  ends,  as  would  be  observed  in  Figs,  i  and  2. 
The  general  appearance  of  the  crystals  from  the  different  alloys 
is  similar.  Those  from  II  averaged  0.03  to  0.04  of  an  inch  in 
length,  and  0.003  of  an  inch  in  diameter ;  those  from  V  were 
0.03  to  0.04  in  length  and  0.005  of  ^^  i^ch  in  diameter.  The 
aspect  of  the  crystals  under  a  magnification  of  thirty-five  diam- 
eters is  well  shown  by  the  micro-photographs  ;  Fig.  i  being  from 
alloy  II,  and  Fig.  2  from  V,  I  was  able  to  detect  a  slight 
difference  in  color  between  the  two  varieties  when  they  were 
heaped  in  masses  and  held  in  the  proper  light.  II  had  a  decided 
yellowish  metallic  luster ;  V  a  dark  steei-grayish-blue  color  and 
luster.  The  slight  difference  in  thickness  was  not  appreciable 
to  the  naked  eye,  neither  would  the  color  or  luster  be  apparent 
to  a  casual  observer.  I  experienced  some  diflGiculty  in  making 
the  specific  gravity  determinations  of  these  crystals,  owing  to 

1  Iron  and  Steel  Institute,  May  meeting,  1895. 
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the  extremely  small  quantities.  On  the  whole,  I  think  those 
mentioned  are  nearl}'^  correct,  although  that  o£  II  might  be  a 
light  one.**  Of  II  specific  gravity  is  12.80;  of  V  7.473  (Garri- 
son).* 

The  analytical  results  obtained  were  : 

Alloy  V, — Ferromolybdenumchromium  Carbide,  The  analysis 
was  made  as  follows  :  Half  a  gram  of  pure  crystals  were  fused 
with  the  oxidizing  mixture  with  addition  of  caustic  soda.  The 
melt  was  cooled,  lixiviated  in  water,  and  the  solution  contain- 
ing chromate  and  molybdate  filtered  from  the  residual  ferric 
hydroxide.  The  solution  was  acidified  with  hydrochloric  acid  and 
boiled  to  dryness  with  addition  of  alcohol  to  ensure  reduction  of 
the  chromic  salt.  The  residue  was  then  dissolved  in  a  little 
dilute  hydrochloric  acid,  diluted  and  brought  to  boiling.  Chro- 
mium was  precipitated  by  ammonia  in  excess,  the  boiling  being 
continued  for  at  least  half  an  hour.  The  precipitated  chromic 
hydroxide  was  filtered  off,  washed  twice  with  hot  water,  dissolved 
in  dilute  hydrochloric  acid,  and  reprecipitated  by  ammonia. 
This  solution  was  filtered,  the  filtrate  being  added  to  the  first 
but  not  the  washings.  The  chromic  hydroxide  was  now  thor- 
oughly washed  by  boiling  up  with  water,  decanting,  finally 
throwing  on  the  filter,  and  washing  with  boiling  water.  It  was 
then  dried,  ignited,  and  weighed  as  Cr,0,.  In  analysis  i  (table 
II)  the  filtrate  containing  the  molybdenum  was  boiled  until  the 
odor  of  ammonia  had  to  a  great  extent  disappeared.  The  solution 
was  then  acidified  with  sulphuric  acid,  poured  into  a  separator}** 
funnel  containing  zinc  and,  after  reducton,  titrated  with  per- 
manganate (Pisani*s  method).  In  analysis  2  the  molybdenum 
was  determined  gravimetrically.  The  ferric  hydroxide  was  exam- 
ined for  silica  but  the  quantity  found  checked  closely  with  that 
present  in  the  alkali  salt  used  for  fusion.  After  removal  of 
platinum,  iron  was  converted  to  sulphate  and  titrated  in  acid 
solution  by  permanganate.  The  chromic  oxide  was  fused  with 
bisulphate  and  the  solution  examined  for  phosphorus  with  nega- 

i  In  some  experiments  carried  out  by  Professor  Garrison  and  myself  with  highly 
phosphoric  titauiferous  pig  iron,  prismatic  needles  were  obtained  lining  the  cavities 
and  blow-holes.  Their  form  could  not  be  made  out  with  certainty  but  they  were  well 
developed  and  in  no  sense  belonged  to  the  micro  structure  of  the  alloy.  They  have  not 
yet  been  isolated.    The  prismatic  form  is  of  frequent  occurrence  in  Perromanganese. 
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tive  results.  If  silicon  or  phosphorus  were  important  constitu- 
ents of  the  crystals  they  would  readily  be  detected  in  a  half  gram 
sample.  The  carbon  of  analysis  i  was  determined  by  direct 
combustion  of  the  crystals  with  the  lead  and  potassium  chro- 
mate  mixture.  The  carbon  of  2  was  determined  by  combustion 
of  the  residue  obtained  after  first  decomposing  in  chlorine  at  a 
red  heat. 

Tabids  III.     Psrromoi«ybdenumchromium  Carbide. 

Analysis  i.  -Atomic  ratio.  Analysis  3.  Atomic  ratio. 

Iron 0.4639  0.828  0.4650  0.830 

Chromium 0.4623  0.882  0.4606  0.879 

Molybdenum 0.0201  0.021  0.0194  0.020 

Carbon 0.0553  O.461  0.0559  0.464 

No  manganese,  silicon,  or  phosphorus  were  present.  These 
results  give  the  ratio  Fe :  CrMo :  C : :  i .79 :  i  .95 :  i ,  or  formulated 
Fe^(CrMo)gC^.  To  this  compound  I  give  the  name  Wahlite, 
from  Dr.  William  H.  Wahl,  well  known  for  his  valuable  contri- 
butions to  metallurgy. 

Alloys  II  and  II  B.  — Ferrohmgstenckromium  Carbide.  In 
addition  to  the  alloy  (II)  described  in  the  first  paper,  a  second 
alloy  (II  B)  was  made  using  200  grams  of  iron  in  the  melt 
instead  of  fifty.  The  object  in  doing  so  was  to  determine, 
whether  change  in  composition  of  the  melt  had  any  effect  on  the 
composition  of  the  resultant  crystals.  The  quantity  of  crystals 
obtainedfor  analysis  II  wassmall.  Iron,  chromium,  and  tungsten 
were  determined  after  purifying  by  nitric  acid  one  gram  of  the  origi- 
nal material.  The  residue  was  then  analyzed  and  the  calcula- 
tions made  to  100  per  cent.  For  analysis  II  B  abundant  mater- 
ial was  available.  Considering  the  small  quantities  available 
for  the  first  analysis  the  agreement  is  satisfactory.  Comparing 
with  alloy  V  it  would  appear  that  the  ratio  of  chromium  to  iron 
is  not  the  same  in  the  two  alloys.  Tungsten  and  molybdenum 
probably  play  the  same  role  as  chromium  and  replace  it  perhaps 
in  varying  quantities.  The  analysis  was  made  by  decomposing 
the  crystals  as  with  alloy  V.  The  solution  containing  tungstate 
and  chromate  was  acidified  with  hydrochloric  acid,  alcohol 
added,  and  evaporated  to  dryness.  The  residue  was  taken  up 
in  dilute  hydrochloric  acid  and  an  equal  bulk  of  alcohol  added. 
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The  tungstic  acid  was  filtered  off,  dissolved  from  silica  by  ammo- 
nia, the  solution  evaporated,  and  tungsten  determined  as  WO,. 
The  filtrate  containing  chromium  was  brought  to  boiling  and 
chromium  hydroxide  thrown  down  by  ammonia.  Alloy  II, 
as  obtained  in  original  sample,  contained  iron  0.0423,  chromium 
0.0317,  tungsten  0.0102.     The  analytical  results  gave  : 

Tabi«b  IV.    Pbrrotungstbnchromium  Carbide. 

Alloy  II.       Atomic  ratio.   Alloy  II  B.     Atomic  ratio. 

Iron 0.4724  0.843  0.4723  0.S43 

Chromium 0.3542  0.676  0.3682  0.702 

Tungsten 0.1139  0.060  0.1007  0.054 

Carbon 0.0595  0.496  0.0599  0.494 

No  manganese,  silicon,  or  phosphorus  was  present  in  II  B. 
These  results  give  the  ratios  : 

Alloy   II.    Fe  :  CrW  :  C  ::   1.69  :   1.49  :  i,    or    formulated 

Fe,(CrW).C,. 

Alloy  II  B.     Fe  :  CrW  :  C  ::  1.73  :  1.53  :  i,   or    formulated 

Fe,(CrW),C,- 

Carbon  in  both  cases  was  determined  by  direct  combustion  of 

the  crystals.     To  the  compound  I   give  the  name  Garrisonite, 

from  Professor  F.  Lynwood  Garrison,  a  valued  contributor  to 

the  study  of  the  microstructure  of  iron  and  to  its  metallurgy. 

Alloy  II  B  contained,  chromium  0.1070,  tungsten  0.0871. 


ON  THE  POSSIBILITY  OP  THE  OCCURRENCE  OP  HYDRO- 
GEN AND  ilETHANE  IN  THE  ATflOSPHERE/ 

Receired  September  9, 1895. 
BY  FKAlfCIS  C.    PHTLLIPS. 

WHATEVER  may  have  been  the  process  by  which  organic 
remains  have  in  the  course  of  time  been  caused  to  yield 
gas  and  petroleum,  a  considerable  portion  of  the  gas  evolved  in 
the  early  stages  of  decay  must  have  escaped  into  the  atmosphere 
before  the  burial  of  such  remains  under  sedimentary  deposits, 
and  the  consequent  imprisonment  of  the  more  volatile  products 
could  have  occurred.  This  would  have  been  the  case  if,  as  in 
the  view  of  the  older  geologists,  the  source  of  gas  and  oil  is  to 
be  looked  for  in  the  slow  decomposition,  at  low  temperatures,  of 

1  Read  at  the  Springfield  meeting. 
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masses  of  seaweeds  as  they  were  gradually  buried  under  ac- 
cumulating sediments.  It  would  have  occurred  likewise  if, 
according  to  Engler's  hypothesis,  gas  and  oil  have  come  from 
the  distillation  of  animal  remains  under  pressure  of  overlying 
sediments  and  at  a  gentle  heat. 

For  a  long  interval  of  time  must  have  elapsed  between  the 
commencement  of  decay  and  the  final  burial  of  such  remains 
under  marine  deposits,  of  sufficient  thickness  and  compactness,  as 
to  cause  the  retention  of  the  hydrocarbons  until  the  sediments 
became  consolidated  into  rock. 

In  a  paper  upon  the  origin  of  natural  gas'  I  have  called 
attention  to  the  great  difference  in  the  nature  of  the  changes 
which  may  occur  in  organic  remains  submerged  under 
water  and  protected  from  atmospheric  influences.  The  early 
stages  of  the  decay  are  rapid,  and  much  hydrogen  may  be  pro- 
duced. The  later  stages  are  more  gradual,  and  methane  may  be 
a  chief  product  of  the  decay.  At  the  beginning  of  the  process 
the  cell  contents  are  chiefly  concerned  in  the  change.  Even  if 
buried  under  deep  sediments  the  tumultuous  nature  of  the  gas 
evolution  must  cause  the  gas  bubbles  to  break  through  and 
escape  from  dense  masses  of  clay  and  sand. 

The  following  experiment  was  described  in  the  paper  cited : 
A  quantity  of  a  seaweed  was  allowed  to  decay  under  water  in 
an  apparatus  so  constructed  that  any  gas  produced  could  be 
collected  over  mercury.  Rapid  decomposition  soon  set  in  and 
continued  for  ten  days,  when  the  evolution  of  gas  apparently 
ceased,  having  become  much  retarded  towards  the  end.  In  all 
803  cc.  of  gas  were  collected.  Analyses  were  made  of  the  first 
portion  of  300  cc,  of  a  second  portion  of  300  cc,  and  of  a  third 
portion  of  203  cc     The  results  are  tabulated  below : 

First  portion. 

Carbon  dioxide.  •  •  •  •   18.23  per  cent. 
Carbon  monoxide  ••    o 

Ethylene o 

Methane 0.30 

Hydrogen 62.24 

Nitrogen. '9'23 

100.00 
Am.  Chem.J.,  i6,  417. 
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Second  portion. 

Third 

portion. 

32.47  per  cent. 

53-44  percent. 

0 

0 

0 

(< 

0 

0.28 

0.08 

48.97 

42.02 

18.28 

4.46 
100.00 

100.00 
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The  temperature  during  the  experiment  did  not  exceed  20"^  C. 

The  same  apparatus  was  kept  in  position  for  two  and  one-half 
years  after  the  above  experiment  was  made.  During  this  time 
a  continuous  production  of  gas  was  observed,  but  it  was  so  slow 
that  at  the  end  of  this  period  only  about  30  cc.  of  gas  had  col- 
lected.    This  was  found  to  consist  of  methane. 

Prankland  &  Jordan*  found  that  grease  left  to  decay  under 
water,  air  being  excluded,  evolved  gas  of  the  following  com- 
position : 

In  3  days.  In  3  days.  In  4  days. 

Carbon  dioxide 84.63  87.66  84.41 

Oxygen 0.13                    ....  .... 

Hydrogen 6.90                    8.75  9.17 

Other  combustible  gases 2.51                    0.71  0.27 

Nitrogen 5.83                     2.88  2. 15 

I  have  examined  gas  collected  from  swamps  in  many  localities. 
Gas  samples  have  been  taken  from  streams  having  muddy  bot- 
toms and  in  which  vegetable  remains  had  accumulated.  Car- 
bon dioxide,  nitrogen  and  methane  are  usually  found  in  shallow 
swamps.  In  deeper  swamp  waters,  where  masses  of  vegetable 
debris  of  greater  thickness  occur,  hydrogen  is  often  found  in 
small  quantities  mixed  with  carbon  dioxide,  nitrogen  and 
methane. 

According  to  the  hypothesis  of  Mendeleeff  natural  gas  and 
petroleum  have  been  produced  by  the  action  of  steam  at  high 
temperatures  upon  the  metallic  compounds  of  carbon.*  The 
general  result  of  experiments  upon  the  action  of  steam  upon  the 
heated  carbides  of  iron,  manganese  and  other  metals,  has  been 
to  show  that  in  all  such  cases  there  is  produced  mainly  hydro- 
gen mixed  with  relatively  small  quantities  of  hydrocarbons.  It 
is  found,  however,  that  the  natural  gas  which  flows  from  the 
wells  of  Pennsylvania,  New  York,  West  Virginia,  Ohio,  and 
Indiana,  consists  mainly  of  methane  with  small  quantities  of 
other  hydrocarbons,  but  does  not  contain  free  hydrogen.  Hence 
if  we  accept  the  hypothesis  of  Mendeleeff  we  must  suppose  that 
the  natural  gas,  now  flowing  from  the  earth  in  such  vast  quan- 
tities, represents  the  diminished  residue  of  a  much  larger  volume 

1  J.  Chem.  Soc.  (I/>tid.)  1883,  p.  395. 

3  Mendeleeff :  Priuciples  of  Chemistry,  x,  365. 
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of  gas  from  which  the  free  hydrogen  has  escaped  through  the 
overlying  rocks.  Whatever  view  is  adopted  as  to  the  origin  of 
natural  gas  there  seems  to  be  good  reason  to  believe  that  con- 
siderable volumes  of  hydrogen  and  of  gaseous  paraffins  have 
found  their  way  into  the  atmosphere,  and  that  the  process  has 
been  continuous  since  early  geological  times. 

Evolution  of  carbon  dioxide  from  organic  remains  is  merely 
one  stage  in  a  cycle  of  changes.  The  carbon  dioxide  present  in 
the  atmosphere  parts  with  its  carbon  to  growing  plants.  They, 
in  their  turn,  yield  back  carbon  dioxide  as  they  die  and  decay. 
On  the  other  hand  each  bubble  of  hydrogen  and  of  methane, 
once  set  free  at  the  earth's  surface,  probably  escapes  unoxidized 
and  unabsorbed  to  ascend  into  the  higher  strata  of  the  atmos- 
phere. 

Of  all  the  forms  which  hydrogen  and  carbon  can  assume  in 
nature,  free  hydrogen  and  methane  are  among  the  most  stable 
and  unalterable  as  regards  all  influences  at  the  earth's  surface. 
Their  slight  solubility  in  water  protects  them  still  further  from 
oxidation. 

In  the  natural  gas  regions  gas  bubbles  are  easily  produced  by 
stirring  up  the  sediments  at  the  bottom  in  streams,  ponds  and 
rivers.  This  is  not  only  the  case  where  decaying  vegetation 
occurs,  but  in  streams  flowing  over  gravel  and  pebbles  where  no 
decaj'  is  in  progress.  The  loose  gravel  appears  merely  to  arrest 
temporarily  the  gas  on  its  way  out  from  the  earth  and  renders  it 
visible  as  it  escapes  in  bubbles  through  the  water.  If  the  gas 
accumulated  under  gravel  and  sand  in  streams  be  dislodged  by 
stirring  it  is  usual  to  find  that,  in  a  day  or  two,  or  even  after  a 
few  hours,  it  has  again  collected  in  considerable  quantity.  Con- 
stant agitation  of  the  gravel  seems  not  to  diminish  the  amount 
of  the  gas  flow. 

Such  emanations  of  gas  are  common  in  Western  Pennsylvania 
and  Western  New  York,  in  regions  where  the  occurrence  of  hard 
rock  directly  below  the  gravel  bed  of  a  stream  precludes  the  sup- 
position that  the  gas  has  resulted  from  the  decay  of  recently 
buried  tissues.  It  is  probable  that  the  gas  which  is  continually 
accumulating  in  such  situations  is  derived  from  great  depths, 
that  its  presence  is  the  result  of  a  slow  process  of  diffusion  from 


HYDROGEN  AND  METHANE  IN  THE  ATMOSPHERE.    805 

below,  which  only  terminates  as  the  gas  enters  the  atmosphere, 
and  that  it  constitutes  a  considerable  portion  of  the  natural  gas 
which  was  stored  originally  in  the  rocks. 

The  feebly  luminous  flame  produced  by  this  gas  distinguishes 
it  from  the  nitrogen,  which  so  frequently  collects  in  the  sands  of 
river  beaches  in  regions  of  constant  fluctuations  of  water  level 
due  to  tides,  and  where  organic  remains  are  abundant. 

In  the  latter  case  the  air  penetrating  the  sand  at  low  tide 
parts  with  its  oxygen  to  the  decaying  matter,  and  as  the  tide 
rises  again  the  residual  nitrogen  is  expelled  in  bubbles  under 
the  pressure  of  the  advancing  water,  while  the  carbon  dioxide 
formed  is  retained  .in  solution. 

Gas  collected  from  the  gravel  bottom  of  a  stream  flowing  into 
the  Ohio  river  near  Sewickley,  Pa*,  was  found  to  have  the  fol- 
lowing composition : 

Per  cent. 

Methane • 93'06 

Nitrogen 6.70 

Carbon  dioxide  * 0.24 

ioo;oo 

There  is  no  reason  to  suppose  that  the  diffusion  of  gas  from 
the  earth  into  the  atmosphere  is  confined  to  surfaces  covered  by 
water,  although  it  can  only  be  made  visible  by  the  formation  of 
bubbles  in  water.  ^ 

It  is  no  doubt  continually  in  progress  in  regions  of  Devonian 
and  carboniferous  rocks. 

This  slow  diffusion  of  gas  from  the  earth  into  the  atmosphere 
has  occured  since  early  geological  times  and  in  regions  where 
erosion  has  finally  carried  away  whole  systems  of  sedimentary 
rocks,  liberating  the  imprisoned  hydrocarbons  by  slow  degrees. 
The  gas  thus  escaping  from  within  the  earth's  crust  is  added  to 
that  which  is  derived  from  recent  decay  on  the  surface,  and 
probably  forms  no  inconsiderable  part  of  the  total  quantity  car- 
ried continually  into  the  atmosphere. 

Hydrogen  in  a  limited  volume  of  air  follows  the  well-known 
law  of  diffusion,  mixing  completely  with  the  air. 

Should  a  large  mass  of  hydrogen  enter  the  earth's  atmosphere, 
the  case  would  be  different.     Hydrogen,  while  it  would  diffuse 
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laterally  with  the  air,  would  tend  to  accumulate  in  the  upper 
strata  on  account  of  the  great  difference  between  its  specific 
gravity  and  that  of  the  constituents  of  the  air.  Ferrel,*  has  fully 
discussed  the  hypothetical  case  of  the  occurrence  and  arrange- 
ment of  a  very  light  constituent  in  the  atmosphere,  *'  Where  the 
relative  densities  of  the  constituents  regarded  as  independent 
atmospheres,  would  be  nearly  the  same  at  the  different  altitudes, 
as  in  the  case  of  oxygen  and  nitrogen,  a  constant  agitation  of 
the  whole  may  keep  them  so  mixed  up  that  the  proportions  are 
nearly  the  same  at  all  altitudes;  but,  in  the  case  of  a  verj^  rare 
constituent,  the  tendency  would  be  for  it  to  rise  up  so-far  above 
all  the  others  that  it  could  not  become  mixed  up  with  them 
except  in  the  lower  strata,  and  at  a  considerable  altitude  it 
would  be  the  only  sensible  constituent  unaffected  by  the  agita- 
tion of  the  comparatively  much  denser  constituents  which  would 
exist,  only   sensibly  lower  down,  near  the  earth's  surface.** 

If  the  presence  of  hydrogen  is  ever  positively  detected  in  the 
atmosphere,  it  must  be  looked  for  in  air  samples  collected  as  far 
away  from  the  earth's  surface  as  possible. 

An  experimental  demonstration  of  the  presence  or  absence  of 
hydrogen  in  air,  would  be  of  great  interest  if  the  method  to  be 
employed  were  certain  as  regards  its  results.  Existing  methods 
for  the  detection  or  determination  of  hydrogen  when  present  in 
traces,  are  not  satisfactory.  • 

After  many  trials,  I  have  devised  a  method  for  the  detection 
of  traces  of  free  hydrogen  in  a  gas  mixture.  The  method  con- 
sists, briefly,  in  passing  the  gas  over  anhydrous  palladium  chlor- 
ide contained  in  a  glass  tube.  Free  hydrogen  reduces  this  salt 
at  once,  and  in  the  cold,  being  converted  into  hydrochloric  acid, 
which  is  recognized  by  passage  through  a  silver  nitrate  solution. 

Having  in  palladium  chloride  a  reagent  of  extreme  delicacy 
for  free  hydrogen,  it  seemed  to  be  of  interest  to  attempt  a  test 
for  hydrogen,  in  air,  and  in  order  to  avoid  as  far  as  possible,  all 
danger  oi  impurities  from  local  conditions  at  the  earth's  surface, 
some  experiments  were  tried  on  Mount  Washington,  New 
Hampshire,  during  August,  1892. 

1  Annual  Report  of  the  Chief  Signal  Ofl&cer  of  the  Army  for  1885,  pt.  2,.  p.  41. 
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The  elevation  of  Mount  Washington,  nearly  7000  feet,  did  not 
justify  the  belief  that  upon  its  summit  strata  of  air  materially 
different  from  those  at  sea  level  could  be  reached,  but  there  was 
the  undoubted  advantage  of  greater  purity  and  freedom  from  lo- 
cal contamination. 

By  permission  of  Mr.  Mark  Harrington  of  the  U.  S.  Agricult- 
ural Department,  a  room  in  the  Weather  Observer's  building  on 
the  mountain,  was  used  for  the  purpose. 

I  desire  here  to  express  my  appreciation  of  the  courtesy  shown 
by  Mr.  Harrington  and  also  by  Mr.  Mitchell  in  charge  of  the 
station,  in  affording  facilities  for  the  work. 

Details  of  the  work  are  omitted,  as  the  results  of  two  very 
carefully  conducted  experiments  were  negative,  and  therefore 
did  not  lead  to  a  definite  conclusion. 

It  may  be  suggested  that  ozone,  by  reason  of  its  great  oxidiz- 
ing power,  would  tend  to  prevent  the  accumulation  of  combusti- 
ble gases  in  the  upper  atmosphere.  Oxygen  is  well  known  to 
derive  its  active  properties  from  the  influence  of  the  electric  dis- 
charge. 

Ozone  ma}^  be  produced  locall)'  in  considerable  q^uantitj-  as  a 
result  of  violent  electrical  disturbances  in  the  atmosphere. 
Much  of  the  ozone  thus  formed  probably  expends  its  power  in 
oxidizing  atmospheric  nitrogen  to  nitrous  and  nitric  acid. 

Ozone  has  a  specific  gravity  much  greater  than  oxygen,  and 
would,  consequently^  tend  to  descend  rather  than  to  rise  to  the 
outer  limits  of  the  atmosphere.  While  the  production  of  ozone 
must  occur  at  points  remotely  distant  and  at  considerable  inter- 
vals of  time,  the  evolution  of  hydrogen  and  methane  at  the 
earth's  surface  is  continuous.  Moreover,  thunderstorms  only 
occur  during  a  brief  portion  of  the  year  in  temperate  climates, 
and  are  unusual  at  all  times  in  far  northern  latitudes. 

In  view  of  these  facts  it  seems  improbable  that  ozone  can  be 
considered  likely  to  materially  retard  an  accumulation  of  the 
lighter  gases,  hydrogen  and  methane,  in  the  upper  atmosphere. 

Hydrogen  and  methane  are  not  oxidized  b}'  prolonged  contact 
with  a  two  per  cent,  solution  of  hydrogen  peroxide  at  20°  C. 

It  is  true  that  the  upper  air  may  contain  nitrous  acid.  Paper 
coated  with  potassium  iodide  and  starch  was  found  to  be  rapidly 
turned  purple  when  exposed   on   Mount   Washington.      Free 
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hydrogen  is,  however,  not  oxidized  by  fuming  nitric  acid*  and 
it  is  hardly  likely  that  nitrous  acid,  in  the  highly  diluted  condi- 
tion in  which  it  must  be  looked  for  in  air,  could  cause  an  oxida- 
tion of  hydrogen. 

Meyer*  and  Askenasy  found  that  on  exposure  to  bright  sun- 
light,  a  mixture  of  oxygen  and  hydrogen  suffered  no  change. 
Combination  did  not  occur  even  on  exposure  of  the  gas  to  a  tem- 
perature of  600**  C. 

Meyer  and  Seubert*  have  shown  that  under  highly  reduced 
pressure  combination  does  not  occur  in  a  mixture  of  oxygen  and 
hydrogen  under  the  influence  of  the  electric  spark.  Experi- 
ments with  mixtures  of  various  hydrocarbons  with  oxygen,  led 
to  similar  results.  The  minimum  pressures  at  which  the  elec- 
tric spark  caused  an  explosion,  were  about  one-tenth  of  an  atmos- 
phere in  the  case  of  hydrogen,  and  one-sixth  of  an  atmosphere 
in  the  case  of  methane.  In  earlier  times  Humphrey  Davy  was 
led  to  similar  conclusions  as  regards  the  explosion  of  rarified 
gas  mixtures. 

Although  the  minimum  pressure  at  which  chemical  union 
would  occur,  may  vary  with  the  character  of  the  discharge,  it 
may  be  asserted  that  electrical  disturbances  are  less  likely  to 
influence  the  oxidation  of  these  combustible  gases  in  the  higher 
atmosphere  where  they  must  be  looked  for,  if  present  in  the 
atmosphere  at  all. 

Methane  and  hydrogen  possess  under  all  conditions,  great 
resistance  toward  oxidizing  agents,  and,  once  set  free  in  air,  it 
is  questionable  whether  either  gas  could  undergo  any  change  by 
which  it  might  be  wholly  brought  back  within  the  sphere  of 
reactions  produced  by  organic  life,  or  by  oxygen.  Ferrel  has 
suggested  that  the  hydrogen  of  the  sun's  atmosphere  may  form 
merely  an  outer  layer,  resting  upon  much  denser  gases  below.* 
It  is  possible,  at  least,  that  such  an  arrangement  exists  in  the 
earth's  atmosphere. 

It  seems  desirable  that  tests  for  hydrogen  and  methane  in  air, 
should  be  made  at  still  greater  altitudes  in  order  that  more  defi- 

1  Winkler  :  Ztschr.  anal.  CAem.^./SSg.  369. 
*Ann.  Chem.  (Uebig),  369,  73. 
»y.  CKem,  Soc.  1884^  587- 
4  Loc.  cit. 
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nite  information  may  be  gained  upon  this  interesting;  subject, 
although  serious  difficulties  would  be  encountered  in  attempting 
to  reach  an  altitude  so  high  as  to  render  the  results  of  chemical 
tests  positively  conclusive. 


A  NEW  QENERATOR. 

By  Edw&bd  p.  Harbis. 


A  GREAT  many  forms  of  automatic  generators  for  the  pre- 
paration of  such  gases  as  hydrogen,  hydrogen  sulphide, 
carbon  dioxide,  etc.,  have  been  proposed,  that  known  as  the 
"  Kipp  apparatus"  being  probably  most  widely  used. 

The  chief  objection  to  this  and  other  forms  in  general  use  lies 
in  the  fact  that  ac- 
cording to  their  con- 
struction the  spent 
acid  at  the  bottom  of 
the  reservoir,  contain- 
ing the  metallic  salts, 
is  used  over  and  over 
again  untilit  becomes 
too  weak  for  further 
action,  while  plenty 
of  fresh  acid  remains 
in  the  upper  part  of 
the  reservoir,  unable 
to  enter  the  inner 
chamber  containing 
the  solid  material 
(zinc,  iron  sulphide, 
marble,  etc.) 

The  accompanying 
figures  show  how  this 
difficulty  is  removed  1 
by  a  very  simple  de- 
vice. The  second  fig- 
ure  shows    the    side 
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tube  A  enlarged.     By  mistake  the  artist  has  placed  the  side  tube 
on  the  wrong  side. 

The  bottom  of  the  inner  cylinder  is  closed  and  the  flow  of  acid 
must  be  through  the  side  tube  A.     This  tube  is  connected  with 

the  lower  part  of  the  inner  cylinder  and 
is  entirely  immersed  in  the  acid  of  the 
reservoir.  At  each  end  is  a  floating  glass 
valve  playing  upon  a  rubber  cushion  at 
the  end  of  the  tube.  When  the  gas  is 
turned  on  and  the  pressure  relieved 
fron  the  inner  cylinder  the  acid  can  en- 
ter only  at  B,  and  when  the  action  is  re- 
versed the  acid  can  escape  only  at  C. 

Thus,  fresh  acid  from  the  upper  part 
of  the  reservoir  is  always  used  and  the 
spent  acid  containing  the  metallic  salts 
is  always  deposited  at  the  bottom  where 
it  remains,  owing  to  its  greater  specific 
gravity.  Once  set  up  and  charged  the 
only  attention  this  generator  needs  is 
the  occasional  withdrawal  of  some  of 
the  spent  acid  from  the  bottom  and  the 
addition  of  an  equal  quantity  of  fresh 
acid  through  the  funnel  at  the  top. 

A  generator  of  this  description  two 

and  a  half  feet  in  height  has  furnished 

hydrogen  sulphide  for  a  class  of  thirty 

A  '  '^'v^       students  in  qualitative  analysis  for  eight 

.  /  >L — .     **''"*^>.^  months,  the  only  attention  required  be- 

7      J  ing  to  fill  the  reservoir  three  times  with 

^-^^  acid.     The  apparatus  may  be  obtained 

from  Queen  &  Co.  in  three  sizes.  The 
largest  size  is  particularly  recommended 
for  generating  hydrogen  sulphide. 

Chemical  Department  of  the  Pennsyl- 
vania Military  College, 
Chester,  Pa. 


THE  DETERMINATION  OF  TANNIN  BY  HETALLIC  OXIDES.' 

By  William  u.  Kruo. 

Received  September  6,  iSgs* 

THE  following  experiments  were  suggested  by  a  method  pro- 
posed for  the  estimation  of  tannin  by  Mr.  Kerr,  associate  re- 
porter on  tannin,  during  the  progress  of  the  official  work  for  the 
Association  of  Official  Agricultural  Chemists.  This  method 
consisted  of  the  percolation  of  the  tannin-bearing  liquor  through 
a  column  of  asbestos  with  which  a  certain  amount  of  yellow  mer- 
curic oxide  liad  been  intimately  mixed.  After  making  a  num- 
ber of  attempts  to  obtain  concordant  results,  I  found  it  too  diffi- 
cult to  secure  uniform  conditions  such  as  rate  of  percolation, 
extent  of  contact  and  uniformity  in  the  asbestos  layer,  and  there- 
fore turned  to  find  some  other  way  of  using  the  oxide.  It  then 
occurred  to  me  to  substitute  it  for  the  hide-powder  in  the  ordi- 
nary shaker  method.  During  the  work  I  extended  the  investi- 
gation to  three  other  oxides,  viz.,  magnesium,  zinc,  and  lead 
oxides. 

At  the  beginning  it  was  evident  that  much  more  time  would 
be  consumed  in  absorbing  the  tannin  in  this  manner  and  a  num- 
ber of  preliminary  experiments  were  made  to  determine  this  time 
limit  if  possible.  In  all  case§  when,  upon  filtration  after  shak- 
ing a  certain  length  of  time,  it  was  found  that  combination  was 
incomplete,  the  solution  was  allowed  to  stand  until  this  was  ac- 
complished. It  was  thus  found,  that  with  magnesium  and  mer- 
curic oxides,  it  was  best  to  shake  about  four  hours  and  then  let 
the  mixture  stand  over  night,  when  it  would  be  ready  for  fil- 
tration. 

With  lead  oxide  the  process  required  two  days,  after  being 
shaken  four  hours,  and  the  mixtures  with  zinc  oxide  stood  a 
week  before  the  tannin  was  totally  absorbed.  These  two  oxides 
were,  therefore,  rejected  as  requiring  too  much  time,  though  the 
analyses  made  with  them,  are  given  below  for  comparison. 

The  extract  used  contained  42.35  per  cent,  soluble  solids,  and 
the  diluted  liquor  used  in  the  analyses,  contained  two  grams  of 
this  extract  per  100  cc.     This  diluted  extract  gave  in  twenty- 

1  Read  at  the  Annual  Meeting:  of  the  Association  pf  Official  Aipricultural  Chemists, 
Sept.  5, 1895. 
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five  cc.  as  a  mean  of  three  determinations,  o.oi  13  gram  ash,  con- 
taining 0.0006  gram  magnesium  oxide. 

The  tannin  was  determined  by  the  loss  insolids,  i,  e,,  twenty- 
five  cc.  of  the  filtrate  were  evaporated  on  the  steam-bath  in  a 
weighed  dish,  dried  three  hours  in  a  water-bath,  and  the  weight 
of  the  residue  determined.  The  difference  between  this  weight 
and  the  solids  in  twenty-five  cc.  of  the  original  diluted  extract, 
was  taken  as  tannins.  The  ash  determinations  were  made  as  a 
check  on  the  amount  of  the  oxide  dissolved  during  the  analysis. 

Experiments  with  zinc  oxide. 

cc.  di-     cc.  of  Per  Grams 

Grams  luted    filtrate  Weight     cent.      Grams      ZnO 
ZnO  extract   evapo-     of       tannin  in  ash  in         in 
Method.  used.     used,    rated,  residue,  extract  residue,      ash. 

Shaken  4  hours,  stood  over  night... 3.0  75  25  0.1095  20.45  0.0135  0.0008 

•'       4     •'           "         *'       *'      ...3.0  75  35  0.1174  18.87  0.0147  0.0019 

Shaken  4  hours,  stood  one  week. ..  .3.0  75  35  0.1049  21.37  o*oo95  •••• 

"       4      "           *•       •*       **     ....3.0  75  35  0.1039  21.97"  0.0103  0.0030 

•'     4    "       *•     ••     "    ....3.0      75      «5      0.1039      21.97     0.0100    0.0Q30 

The  first  two  of  these  analyses  gave  a  faint  reaction  for  tan- 
nin, but  were  run  through  so  as  to  compare  tHe  result  with 
those  obtained  with  other  oxides.  The  low  figures  indicate  in- 
complete combination.  The  last  three  gave  no  test  for  tannin 
when  filtered,  and  agree  fairly  well.  They  are  low,  compared 
with  lead  and  mercury  oxides,  and  agree  better  with  the  results 
obtained  with  magnesium  oxide.  The  amount  of  zinc  oxide 
dissolved  is  too  small  to  affect  the  accuracy  of  the  analysis,  and 
the  only  objection  to  the  use  of  this  oxide  is  the  slow  action. 
The  last  three  analyses  were  tested  every  day  for  a  week,  before 
it  was  found  that  all  the  tannin  had  been  absorbed.  For  this 
reason  zinc  oxide  would  be  of  no  value  in  a  laboratory  where 
the  rapid  estimation  of  tannin  is  desired. 

Experiments  with  lead  oxide. 


cc.  di-     cc. 
Grams    luted  filtrate 
PbO     extract  evapo- 
Method.                  used.     used. ,  rated. 

Weight 
residue. 

Per  cent, 
tannin 

in 
extract. 

Weight 
of  ash  Grains 
from      PbO  • 
residue,  in  ash. 

Shaken  3}  hours,  stood  3  days. .  .4.0          75          35 

0.0738 

27.59 

0.01 1 1         0 

3*      "          **      2     •'     ...4.0          75          25 

00754 

27.37 

0.0093         0 

ik      ••          *•      2     ••     ...4.0          75          25 

0.0706  • 

28.33 

0.0105        0 

None  of  these  gave  a  reaction  for  tannin  with  ferric  chloride. 
The  results  were  higher  than  with  any  other  oxide  used.  The 
objection  to  lead  oxide  is  the  length  of  time  required  for  com- 
plete combination. 
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Experiments  with  magnesium  oxide. 


Grams 
MfirO 
Method.                         used. 

cc.  di-     cc.                  Per  cent  Weight  Weight 
luted  filtrate  Weight   tannin     ash  in      MgO 

extract  evapo-      of           in          resi-           in 
used,  rated,  residue,  extract,    due.         ash. 

Shaken  a)  hours,  stood  over  night. .  .a.o 

75 

25 

O.II34 

19.67 

o.oao9 

0.0055 

2I     *♦         *'        **        '•     ...2.0 

75 

25 

o.ioaS 

ai.79 

0.019s 

0.004a 

a          2j        ..               .<            u            4.       ,_jQ 

75 

25 

o.iajo 

17.75 

o.oa3a 

0.005a 

3|     •'          ••        "        ••     ...a.o 

75 

25 

0.1246 

X7-43 

o.oa47 

0.0058 

Stood  34  hours  with  occasionalsh'k'gra.o 

75 

50 

0.2063 

ai.7a 

o.oasa 

0.0074 

..        ^       ..            u                 u                     u          3^ 

75 

50 

0.2061 

ai.74 

o.oa44 

0.0076 

..            ^          <.                  .♦                         4i                                ..              2Q 

75 

25 

0.1157 

19.21, 

o.oai3 

0.0044 

..             ^           ..                    <«                            ..                                  .4               20 

75 

25 

0.1114 

•20.07 

o.oaos 

0.0038 

..            ^8          .4                  4.                          4.                                4.               20 

75 

50 

0.1941 

22.94 

0.0326 

0.0064 

..             ^           4.                    .«                           4.                                  .4               JO 

75 

50 

0.1959 

22.76 

0.0339 

0.0070 

Shaken  3^  hours,  stood  over  night. .  .a.o 

75 

50 

0.2165 

20.70 

0.0349 

o.oioa 

.«         2j       4,             4.           ..         44        _.2o 

75 

50 

0.2191 

20.44 

0.0355 

0.01 IX 

,.       gj     .4     ^     44        .4       44      ^^^2.0 

75 

50 

0.2179 

20.56 

0.0359 

0.0115 

This  t«ible  shows  that  a  considerable  amount  of  the  oxide  is 
dissolved,  and  passes  into  the  filtrate,  increasing  the  weight  of 
the  residue,  and  correspondingly  lowering  the  tannin.  That 
this  error  may  be  quite  considerable  is  shown  by  the  fact  that  in 
almost  every  estimation,  the  ash  is  almost  double  that  found  in 
the  original  diluted  extract.  •Furthermore,  this  error  does  not 
seem  to  be  constant,  so  that  no  correction  can  be  made  for  it. 

Experiments  with  mercuric  oxide  (yellow). 


Method. 

Grams 
HgO 

used. 

cc.  di-    cc.                    ] 
luted  filtrate  Weight 
extract  evap-       of 
used,  orated,  residue. 

Per  cent, 
tannin 

in 
extract. 

Weight 
ash  Weight 
in    HgO  in 
residue,  ash. 

stood  48  hours  with  occasional  sh'k'g  4.0 

75 

25 

0.0833 

25.69 

0.0070 

0 

44 

48 

41 

44           .1 

44 

4.0 

75 

25 

OJ0829 

25.77 

0.0077 

0 

44 

48 

•  4 

4«                           41 

44 

4.0 

75 

25 

0.0829 

25.77 

0.0071 

0 

Shaken 

1}  hours,  stood  over 

night. .  .4.0 

75 

25 

0.0842 

25.51 

•  • 

t( 

a 

4t 

tt 

1. 

It 

. . .4.0 

75 

25 

0.0867 

25.01 

•  • 

44 

44 

44 

•t 

14 

. .  .4.0 

75 

25 

0.0863 

2509 

0.0081 

0 

44 

44 

4« 

It 

44 

. .  .4.0 

75 

25 

0.0860 

25.15 

o.ooSo 

0 

44 

i4 

II 

44 

44 

. . .4.0 

75 

25 

0.0839 

25.57 

'  0.0084 

0 

44 

4( 

41 

It 

44 

. .  .4.0 

75 

25 

0.0849 

25.37 

0.0065 

0 

44 

44 

II 

1. 

44 

. .  .4.0 

75 

20 

0.0638 

26.41 

0.0065 

0 

44 

44 

It 

II 

14 

. .  .4.0 

75 

20 

0.0692 

25.05 

0.0103 

0 

4t 

•  4 

II 

41 

14 

. .  .4.0 

75 

20 

0.0682 

25.29 

0.0094 

0 

It 

44 

14 

44 

It 

. .  .4.0 

75 

25 

0.0863 

2509 

0.0083 

0 

l( 

It 

II 

II 

It 

..  4.0 

75 

25 

0.0849 

25.37 

0.0097 

0. 

41 

<l 

It 

II 

It 

...4.0 

75 

25 

0.0842 

25.51 

0.0084 

0 

The  above  analyses  show  that  even  though  the  conditions  may 
be  varied,  fairly  concordant  results  can  be  obtained  with  mercu- 
ric oxide  as  long  as  care  is  taken  to  ensure  the  complete  absorp- 
tion of  the  tannin  before  filtering.  The  end  of  the  reaction  may 
be  easily  observed,  since,  when  it  is  reached,  the  yellow  oxide 
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no  longer  sinks  to  the  bottom,  but  the  whole  mass  partially 
gelatinizes  and  becomes  dirty  brown.  A  clear  filtrate  free  from 
tannin  and  mercury  can  then  be  readily  obtained. 

The  results  in  the  ash  column  show  that  a  certain  amount  of 
the  ash  present  in  the  extract  is  held  back,  but  this  error  is 
quite  constant  and  so  small  as  to  have  little  influence  on  the  re- 
sult. Although  the  time  required  for  the  analysis  of  a  tannin- 
extract  by  this  method  is  somewhat  longer  than  with  hide-pow- 
der, still  the  uniform  results  obtained  more  than  compensate 
for  this,  and,  at  the  most,  an  analysis  will  not  take  more  than 
two  days.  A  number  of  analyses  can  be  made  at  a  time  by 
adapting  a  shaker  so  as  to  hold  several  loo  cc.  sugar  flasks, 
which  are  of  a  convenient  size  for  this  work. 
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SEVERAL  general  methods  for  the  estimation  of  sulphur  in 
copper  have  been  published,  most  of  which  are  defective, 
or  not  accurate  for  all  classes  of  work. 

It  is  the  writer's  purpose  to  call  attention  to  these  processes, 
and  then  to  present  the  results  of  some  experiments,  and  an 
improved  method,  devised  especially  for  the  determination  of 
traces  of  sulphur. 

R.  Fresenius'  proposed  to  treat  twenty  grams  of  copper  with 
strong  nitric  acid,  nearly  neutralize  with  ammonia,  add  a 
few  drops  of  barium  nitrate  and  allow  to  stand  for  several  hours. 
As  stated  by  the  same  authority,  very  small  quantities  can  not 
be  separated  in  this  way,  since  barium  sulphate  is  somewhat  sol- 
uble in  copper  nitrate. 

For  small  amounts  of  sulphur,  W.  Hampers '^chlorine*' process 
has  been  recommended.  This  consists  in  heating  thirty  grams 
of  the  metal  in  a  glass  tube  m  a  current  of  pure,  dried  chlorine 
gas.  The  sulphuric  acid  evolved,  is  absorbed  by  water  saturated 
with  chlorine. 

From  personal  experience,  the  method  is  not  judged  to  be  a 

1  Read  at  the  Sprinj^field  Meeting. 

2  Ztschr,  anal.  Chem.^  13,  233. 
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very  accurate  one,  for;  there  are  two  or  three  possible  sources  of 
error. 

1.  The  existence  of  the  sulphur  in  different  forms. 

2.  The  incomplete  removal  of  all  oxygen  and  other  impurities, 
from  the  chlorine  gas. 

3.  The  occasional  formation  of  a  layer  of  melted  chloride, 
which  may  prevent  the  complete  evolution  of  sulphur  and  com- 
bttstion  of  copper. 

A  third  method  involves  the  use  of  potassium  permanganate. 

A  fourth,  and  apparently,  the  most  direct  and  satisfactory  one, 
consists  in  dissolving  ten  grams  of  copper  in  nitric  acid,  or  in  a 
mixture  of  nitric  with  a  little  hydrochloric  acid,  and  then  pre- 
cipitating the  sulphuric  acid  directly  from  a  hydrochloric  acid 
solution,  after  removing  all  the  nitric  acid  by  repeated  evapo- 
ration. 

Upon  this  principle  depends  the  method  of  H.  J.  Phillips.* 

But  the  writer  has  repeatedly  attempted  to  test  refined  copper 
by  the  last  method,  without  obtaining  any  precipitate  of  barium 
salt.  There  should  have  been  at  least  a  trace  of  precipitate  due 
to  sulphur  in  the  chemical  reagents. 

Though  no  refining  on  the  large  scale  has  ever  produced  met- 
al in  which  a  chemist  could  not  find  a  trace  of  impurity,  yet  the 
best  American  refined  copper  of  to-day,  contains  such  a  minute 
amount  of  sulphur,  that  a  very  delicate  and  accurate  method  is 
required  for  its  estimation. 

In  order  to  test  the  influence  of  copper  chloride  and  free  hydro- 
chloric acid  upon  barium  sulphate,  some  experiments  were  made 
with  solutions  of  pure  copper  chloride,  and  sulphuric  acid. 

It  is  a  well  known  fact  that  certain  substances  interfere  with 
the  precipitation  by  barium  chloride,  and  that  barium  sulphate 
is  somewhat  soluble  in  certain  acids,  and  in  solutions  of  copper. 

The  work  of  R.  Fresenius,*  F.  W.  Mar,*  and  others,  has  indi- 
cated that  an  excess  of  hydrochloric  acid  promotes  the  complete 
separation  of  barium  sulphate,  a  conclusion  rather  contrary  to 
earlier  opinions. 

1  Chem.  News,  6a,  and/.  Anal.  Appi.  Chem.,  5,  53. 

3  Ztchr.  anal.  Chem.,  9,  53  and  62,  also  Pres.  Quant.  Anal.,  Am.  £d.  p.  139. 

^  Am.J.  Set..  4Z,  April  1891,  also  J.  Anal.  Appl.  Chem.^  5,  278. 
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Mr.  Mar  states,  as  the  writer  has  also  noted,  that  the  precipi- 
tation of  minute  quantities  of  barium  sulphate  is  very  much 
slower  than  that  of  large  amounts. 

Since  the  barium  sulphate  is  not  absolutely  insoluble  in  water 
or  dilute  acid,  the  amount  which  would  remain  dissolved  by  a 
large  volume  of  solution  is  appreciable,  and  cupric  chloride  may 
considerably  influence  the  solubility. 

As  far  as  the  time  permitted,  the  experiments  were  carried  out 
in  two  series;  those  analyses  marked  a,  containing  but  a  few 
drops  of  free  hydrochloric  acid,  and  those  marked  b,  c,  or  </, 
about  three  and  a  half  per  cent,  by  volume  of  the  same  acid  of 
1. 20  sp.  gr. 

Stock  solutions  were  prepared  as  follows : 

a.  Standard  sulphuric  acid — i  cc.=o.oo245  gram  BaSO^. 

b.  Cupric  chloride  solution — 100  cc.=io  grams  copper. 

The  solution  used  for  all  the  experiments  (except  Nos.  12  c. 
and  12  d)  was  made  by  dissolving  100  grams  of  a  very  pure 
refined  copper  in  400  cc.  of  pure  nitric  acid,  (sp.  gr.  1.42),  then 
precipitating  the  silver  with  a  few  drops  of  hydrochloric  acid 
and  filtering  it  off.  The  solution  was  then  evaporated  to  dry- 
ness, and  the  evaporation  repeated  four  times,  with  the  addition 
of  hydrochloric  acid  each,  time.  The  heat  was  continued  until 
the  chloride  melted.  The  salt  finally  dissolved  in  water  to  a 
clear,  faintly  acid  solution,  which  was  diluted  to  one  liter. 

The  slight  trace  of  sulphur  in  the  copper,  was  not  any  more 
than  that  found  in  the  chemical  reagents. 

Ten  grams  of  the  copper  yielded,  by  the  author's  method, 
only  0.0017  gram  of  barium  sulphate,  and  the  acids  required  for 
solution,  gave  0.003  g^am,  for  which  allowance  was  made  in  the 
table  of  results. 

c.  As  a  check,  some  of  the  same  copper  was  deposited  by  elec- 
trolysis from  a  nitric  acid  solution,  and  the  pure  plate  was  then 
redissolved,  and  after  further  treatment,  the  solution  was  used 
for  experiments  12^'  and  i2flf,  in  which  one  cc.  standard  sul- 
phuric acid  was  added  to  the  diluted  copper  solution. 

The  measured  portions  of  copper  salt,  water  and  acid  were 
placed  in  beakers  and  the  standard  sulphuric  acid  run  in  from  a 
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burette.  The  liquids  were  heated  to  boiling,  treated  with  two 
to  five  cc.  of  a  saturated  solution  of  barium  chloride,  stirred, 
and  allowed  to  stand  at  the  temperature  of  the  room  for  the 
number  of  hours  specified  in  the  table. 

The  precipitates  of  the  tests  marked  (^,  c^  </,)  were  washed 
first  with  five  cc.  of  dilute  hydrochloric  acid,  (one  part  acid  to 
twenty  of  water)  and  then  with  hot  water.  The  ones  marked 
{a)  were  washed  with  hot  water  only,  and  in  two  or  three  cases, 
a  trace  of  copper  was  not  washed  out.  (See  experiments  iia, 
and  15a). 

At  least  a  few  drops  of  dilute  acid  should  be  always  used  in 
the  first  washing  by  decantation. 

The  results  are  tabulated  according  to  the  degree  of  dilution, 
and  the  weight  of  copper  in  the  solution.* 


TABLE  I. 

One-Tenth  Gram  of  Copper  in  Soi^ution.    Totai,  Voi^ume  of  Soi^u- 

TioNS  Seventy  cc. 


Faintly  add  two-tenths  free  hydrochloric 

acid. 

Gram  barium  sul- 
Time  in  phate. 

No.  hours.  Taken.        Found.  Difference. 

la     24      0.0025      0.0027  -f-0.0002 

ia     24      0.0123      0.0127  +0.0004 

3a     24      0.04905    0.0489  — 0.00015 


strongly  acid  two  and  a  half  cc.  hydrochlo 
ric  acid  added. 

Gram  barium  sul- 
phate. 
Taken.        Fonud. 


Time  in 
No.  hours. 

\b  24 
lb  24 
3d       24 


0.0025  0.0027 
0.01235  0.0124 
0.0491       0.0497 


Difference. 
+0.0002 
0.0000 
+0.0006 


TABLE  II. 

One  Gram  of  Copper  in  Solution.     Totai,  Voi^ume  of  Solutions, 

350  cc. 

Slis^htly  acid   two-tenths    cc   hydrochloric     Strongly  acid  13.5  cc.  hydrochloric  acid. 

acid. 


Time  in 
No.  hours. 

Gram  barium  sul- 
phate. 
Taken.       Found. 

Difference 

< 
No. 

rime  in 
hours. 

Gram  barium  sul- 
phate. 
Taken.       Found. 

Difference. 

4a 

24 

0.0029 

0.0026 

—0.0003 

4* 

24 

0.0029 

0.0009 

—0.0020 

5« 

24. 

0.0126 

O.OII5 

— O.OOII 

5^ 

24 

0.0126 

O.OIOI 

—0.0025 

6a 

24 

0.0495 

0.0446 

—0.0049 

6d 

34 

0.0495 

0.0385 

— O.OIIO 

6a 

72 

0.0495 

0.0490 

—0.0005 

6^ 

72 

0.0495 

0.0493 

— 0.0002 

7a 

72 

0.2455 

0.2445 

— O.OOIO 

lb 

72 

0.2462 

0.2500 

+0.0038 

8i8 
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TABLE  III. 
Two  AND  A  Hai«f  Grams  of  Coppbr  in  Solution.     Totai«  VoiuMB 

350  cc.    . 


Sligrhtly  acid  two-tenths  cc.   hydrochloric 

acid. 

Gram  of  barium 
Time  in         sulphate. 
No.  hours.  Taken.-      Found. 


Difference. 


8a      24      0.0036 


ga     72      0.0135 


loa      72      0.0502 


0.0007  —0.0029. 
0.0129  — 0.0006 
0.0496    —0.0006 


11a     72      0.2470      0.2505?  +0.0035 


Strongty  acid  xa.5  cc.  hydrochloric  acid 
added. 

Gram  of  barium 
Time  in         sulphate. 
No.  hours.  Taken.       Pound. 


0.0046  0.0000 

8^  24  0.0936  0.0006 

8^  72  0.0036  0.0014 

9^  72  0.0135  0.0128 

gc  140  0.0145  0.0131 

10^  24  0.0502  0.0493 

10^  72  0.0502  0.0492 

lod  140  0.0502  0.0501 

11^  72  0.2470  0.2486  +0.0016 


Difference. 

).0036 

.0030 

.0022 

.0007 

L0014 

.0009 

.0010 

».oooi 


TABLE  IV. 
Ten  Grams  of  Copper  in  Soi^xttion.    Totai,  Volume  700  cc. 


Faintly  acid  one-half  cc.  hj'drochloric  acid. 


Gram  barium  sul- 
Time  in  phate. 

No.  hours.  Taken.       Found. 


12a      24 


0.0074 
0.0074 


0.0000 
0.0000 


13a       72       0.0170       0.0102 


Difference. 
.0074 
.0074 


.0018 


14a 


lost 


15a      72      0.2509      0.2551?   +0.0047 


Strong-ly  acid  twenty-five  cc.  hydrochloric 
acid  added. 

Gram  barium  sul- 
Time  in  phate. 

No.  hours.  Taken.       Found.     Difference. 


12^       24 

12^140 
12d** 


{ 


13* 

14^ 
T4^r 

15* 


24 
72 
24 

24 

72 

140 


0.0074 

0.0057 
0.0057 

0.0165 

0.0165 

0.0165 

0.0540 

0.0540 

0.2500 

0.2500 

0.2500 


0.0000 

0.0005 
0.0004 

0.0014 

0.0013 

0.0051 

0.0502 

0.0400 

0.2389 

0.2436 

0.2474 


0074 

0052^1 
0053  f 

015 1 

0153 
01 14 

0.0038 

0.0140 

.0111 

.0064 

0.0026 


The  results,  given  in  Table  I.,  show  that  if  the  total  volume  of 
a  solution  is  not  over  loo  cc.  the  l^arium  sulphate  is  completely 
precipitated,  whether  the  liquid  is  strongly  acidified  or  not. 

Table  II :  If  the  volume  of  the  solution  is  increased  to  350 
cc.  and  the  copper  to  two  and  a  half  grams,  the  precipitation  is 
complete,  even  then,  under  the  given  conditions,  in  72  hours 
with  the  exception  of  the  analysis  containing  but  a  trace  of  sul- 
phuric acid. 
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Tables  III  and  IV  :  In  the  presence  of  as  much  as  ten  grams 
of  copper  in  solution,  the  deposition  becomes  very  slow  indeed, 
as  the  results  prove,  and  the  strongly  acidified  solutions,  at 
least  retain  appreciable  amounts  of  barium  sulphate. 

Since  the  solubility  of  barium  sulphate  varies  according  to  the 
conditions  somewhat,  the  figures  given  by  Fresenius,  F.  W. 
Mar,  and  others  would  not  express  the  true  efifect  of  the  water 
and  dilute  hydrochloric  acid  if  the  conditions  of  acidity,  temper- 
ature, dilution,  etc.,  were  not  the  same.  So  a  few  experiments 
were  made  to  determine  the  solvent  efifect  of  the  water  and  acid 
alone. 

Analyses  16-20  indicate  that  a  part  at  least  of  the  deficiency 
noted  in  the  other  tables  is  due  to  the  solubility  of  the  precipi- 
tate in  the  large  voluqie  (700  cc.)  of  dilute  acid. 


cc.  of  hydro-    ture  durinsr     Total    Time  in  Oram  barium  sulphate^ 

id. 


TABLE  V. 

Tcmpcra- 
ure  during' 

No.     chloric'acid.     settling,      volume,  hours.  Taken.         Pound.        Difference. 

16  25  20°  C.  ^      700        48  0.0025        0.0008        — 0.0017 

17  25  20°  C.        700       48  0.0123        0.0086       — 0.0037 

18  25  20^  C.        700       48  0.0490       0.0470       — 0.0020 


19  2cc.-|-5gi"am8  75°  C.-h      70         3        0.0490       0.0487        — 0.0003 
ammonium  chloride. 

Fresenius*  states  that  1,000  parts  of  cold  hydrochloric  acid 
containing  3  per  cent,  dissolve  0.06  parts  BaSO^. 

Other  experiments  proved,  however,  that  if  a  solution  be  kept 
at  a  temperature  above  75**  C,  after  the  addition  of  barium 
chloride,  the  separation  of  barium  sulphate  is  far  more  rapid 
and  complete. 

Cupric  chloride  appears  to  retard  the  deposition,  especially 
when  strongly  acidified. 

Direct  precipitation  in  a  moderately  acid  solution  of  this  salt 
is  determined  to  be  suflSciently  accurate  for  mattes  and  crude 
copper,  but  the  separation  of  minute  amounts  of  barium  sul- 
phate, from  a  very  large  volume  of  chloride  solution,  is  too  un- 
certain to  permit  the  use  of  such  a  method  for  the  detection  and 
estimation  of  traces  of  sulphur  in  the  best  modern  refined 
copper. 

1  p.  Quant.  Anal.,  xst  Am.  Ed.,  p.  139,  from  Anal.  Chem.,  9,  62. 
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In  1889  the  late  Dr.  L.  M.  Norton  and  the  author  of  this  paper 
devised  and  adopted  a  simple  method,  which  has  been  improved 
by  the  latter,  and  has  given  very  accurate  results. 

The  complete  precipitation  of  the  barium  sulphate  is  made 
possible  in  every  case  by  first  removing  the  copper  electrolytic- 
ally  and  then  treating  the  solution  as  in  the  following  scheme : 

Take  for  analysis  sufficient  copper  to  yield  a  weighable  amount 
of  barium  sulphate — ^ten  grams  will  usually  be  enough. 

Dissolve  in  a  large  beaker,  placed  over  an  alcohol  fiame,  by 
means  of  a  mixture  of  60  cc.  nitric  acid  (1.42  sp.  gr.)  and  15 
cc.  of  hydrochloric  acid  (1.20  sp.  gr.). 

When  dissolved,  raise  the  lamp  wick  and  evaporate  nearly  to 
dryness,  then  evaporate  again  after  adding  50  cc.  strong  nitric 
acid. 

Repeat  this  operation  with  another  portion  of  the  same  acid, 
then  redissolye  in  300  cc.  of  water,  and  add  a  little  nitric  acid  if 
a  trace  of  basic  salt  remains  undissolved. 

The  addition  of  hydrochloric  acid  and  the  consequent  evap- 
oration with  nitric  may  be  dispensed  with,  if  experiment  shows 
that  nitric  acid  alone  will  oxidize  all  the  sulphur  in  the  class  of 
material  operated  upon. 

Next,  pour  the  liquid  through  a  small  filter  into  a  700  cc. 
beaker  and  dilute  with  distilled  water  to  600  cc.  or  more. 

Introduce  as  a  negative  electrode  a  large  cone,  or  as  is  more 
convenient,  a  sheet  of  platinum,  4  by  5  inches. 

Any  wire  or  small  piece  of  platinum  foil  will  serve  as  a  positive 
electrode. 

Cover  the  beaker  with  glass  and  connect  the  electrode,  pref- 
erably with  an  Edison  incandescent  lamp  circuit. 

The  current  from  two  sixteen  candle-power  lamps,  coupled  in 
parallel,  will  deposit  the  copper  in  one  night. 

When  the  liquid  is  colorless,  or  nearly  so,  remove  the  elec- 
trodes and  wash  them  with  distilled  water,  allowing  the  water 
to  run  into  the  main  solution. 

Pour  off  the  liquid,  if  clear,  from  any  bits  of  spongy  copper, 
washing  these  on  a  small  filter.  • 

In  order  to  prevent  the  escape  of  any  sulphuric  acid  during 
subsequent  evaporation,  add,  at  this  point,  one-tenth  gram  dry, 
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pure  sodium  carbonate,    (or  a  half  gram  for  crude  copper). 

Evaporate  the  solution  to  dryness,  as  rapidly  as  possible  with- 
out loss,  in  a  No.  3  or  No.  4,  porcelain  casserole.  An  alcohol 
lamp  should  be  used,  and  the  dish  protected  from  dust.  The 
evaporation  may  be  completed  on  the  water-bath,  but  if  the  dish 
is  covered  near  the  end  of  the  operation  and  the  flatne  regulated, 
there  need  be  no  loss  by  spattering,  though  the  liquid  be  taken 
to  dryness  over  the  lamp.  As  soon  as  the  salts  in  the  dish  are 
dry,  heat  the  covered  casserole  quite  strongly,  with  the  lamp 
held  in  the  hand,  until  the  acid  ammonium  nitrate  suddenly  vol- 
atilizos,  and  then  allow  it  to  cool. 

At  this  point  is  the  only  danger  of  loss  of  sulphur,  and  the 
heat  should  be  just  high  enough  to  volatilize  the  nitrate.  This 
heating  may  possibly  be  omitted  if  there  is  but  a  trace  of  ammo- 
nium nitrate  in  the  dish.     (See  experiment  19). 

Add  to  the  residue,  ten  cc.  strong  hydrochloric  acid  and  five 
cc.  water,  and  evaporate  to  dryness  on  the  water-bath.  Repeat 
the  process  and  then  add  one  cc.  of  strong  hydrochloric  acid, 
add  fifty  cc.  of  water  and  dissolve,  filter  into  a  small  beaker  and 
wash  the  filter  with  hot  water. 

If  the  copper  is  known  to  be  high  in  sulphur,  the  solution 
may  be  diluted  to  150  cc.  or  more. 

The  only  impurity  of  copper  which  might  interfere  with  this 
method  is  lead.  If  lead  is  present,  it  will  mostly  remain  in  solu- 
tion and  be  deposited  on  the  plate,  but  if  any  lead  sulphate 
remains  on  any  of  the  filters,  they  must  be  boiled  wath  a  little 
solution  of  pure  sodium  carbonate,  the  solution  filtered,  and 
the  sulphuric  acid  recovered  from  the  acidified  liquids  as  barium 
sulphate. 

Heat  the  solution  of  sodium  sulphate  to  boiling,  precipitate 
with  a  slight  excess  of  barium  chloride*  and  allow  the  precipitate 
to  settle  twenty-four  hours,  unless  the  results  are  desired  at 
once,  in  which  case  the  precipitation  may  be  completed  inside  of 
three  hpurs,  by  keeping  the  liquid  at  a  temperature  not  less  than 
75**  C.  during  that  time. 

The  acids  and  distilled  water,  used  in  the  analysis,  should  be 
measured,  and  a  blank  analysis  carefully  made  by  evaporating 
with  the  pure  soda,  and  the  trace  of  barium  sulphate  deducted 
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from  that  of  the  analysis  proper.     Exp.  20-22  are  three  compar- 
ative analyses  from  the  writer's  note-book. 

TABLE  VI. 
CopPBR  Analysis. 


Per  cent. 


sulphur.  sulphur. 


20  Direct  precipitation    0.0000 

21  *'  **  0.6000 

22  *•  **        o  to  0.0050 
22  Chlorine  method         0.0189? 


Per  cent. 


Author's  method        0.0023 

0.6500 

(i)  0.0112 
(2)  0.0094 


tt  tt 


(f  <i 


It  is  evident  that  the  method  just  detailed,  is  extremely  well 
adapted  to  the  analysis  of  refined  copper. 

The  sulphur  in  the  metal  is  brought  into  solution,  and  finally 
precipitated  in  a  pure  condition  without  loss,  and  a  blank  analy- 
sis is  possible  under  the  same  conditions.  The  difference  be- 
tween the  two  results,  expresses  the  true  quantity  of  sulphur 
present. 

Another  chemist  stated  sometime  ago  that  he,  also,  had  been 
obliged  to  try  a  similar  plan.  The  author  has,  however,  worked 
out  the  foregoing  process  in  its  improved  form  independently, 
and  in  presenting  this  standard  method,  desires  to  express  his 
indebtedness  to  the  gentleman  who  has  so  kindly  consented  to 
read  the  paper  before  the  assembly. 


ACIDiriETRIC  ESTIHATION  OF  VEGETABLE  ALKALOIDS. 

A  STUDY  OF  INDICATORS." 

By  Lyman  P.  Kbblbr. 
Received  September  9, 189s* 

THE  titration  of  alkaloids  with  volumetric  acid  solutions  has 
been  evolved  from  the  study  of  the  basicity  of  the  alka- 
loids on  the  one  hand,  and  from  their  behavior  with  indicators 
on  the  other.  The  method  appears  to  have  been  developed 
somewhat  spasmodically  from  quite  an  early  period.  As  early 
as  1846  M.  Schlossing'  proposed  the  method  and  applied  it  to 
the  titration  of  nicotine  with  a  view  of  establishing  its  equiva- 
lent ;  using  sulphuric  acid  and  litmus  in  his  work.     Sixteen 

1  Read  at  the  Springfield  meeting. 
^1847,  Comp.  ftnd.,  23,  1142;   1847,  Ann.  Chim.  Phys.  [3],   19,  230;  Chem.  Gas.,  5*4X ; 
Am.  J.  Pharm.,  xg,  68. 
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years  later  the  work  was  taken  up  by  Wittstein,*  who  was  fol- 
lowed by  F.  M.  Brandl,*  Liecke,'  Kosutany/  and  G.  Dragen- 
dorff.*  Up  to  this  time  nicotine  and  conine  were  the  only  alka- 
loids operated  on,  and  litmus  the  only  indicator  employed.  In 
1879  L.  van  Itallie*  extended  the  work  to  several  other  alka- 
loids, using  lacmoid  as  indicator.  A.  W.  Gerrard^  a  few  years 
later  employed  litmus  and  phenolphthalein  in  titrating  the  alka- 
loids of  belladonna.  From  the  contributions  of  O.  Schweissinger,^ 
who  used  cochineal  as  indicator,  and  those  of  E.  Dieterich*  and  P. 
C.  Plugge*"  we  may. ascribe  the  impetus  which  the  titration  of 
alkaloids  with  volumetric  acid  solutions  received  at  the  begin- 
ning of  the  present  decade. 

The  method  had  been  gaining  ground  rapidly  when  several 
most  valuable  communications  appeared  by  C.  C.  Keller,"  of 
Zurich,  since  which  great  improvement  has  been  made. 

In  volumetric  analysis,  the  first  question  demanding  attention 
is  a  suitable  indicator  or  delicate  end  reaction.**  The  object  of 
this  communication  is  to  present  the  results  of  a  study  of  five 
indicators  in  titrating  alkaloids,  thinking  perhaps  it  may  be  of 
some  service  in  formulating  systematized  methods  of  analysis  in 
alkaloidal  chemistry.  The  discordant  results  of  analysis  often 
obtained  by  different  chemists  operating  on  the  same  sample  are 
greatly,   to    be    regretted.       It  is    the    writer's    opinion    that 

1 1862^  Vierjahrschr.  prakt.  Pharm.,  xi,  351. 

2  2864,  vierjahrschr.  prakt.  Pharm.,  13,  322. 

s  7^5,  Mittheilungen  des  hannov.  Gew-Ver.,  p.  160;  Ding.  poly.  J.,  178,  235  ;  Polyt. 
Notizbl.,  No.  20;  Ztschr.  anal  Chem.,  4,  492. 

^  7^7;,  Kosutany,  Anal.  Bestim.  einiger  Bestandth.  d  Tabakspflanze.  Diss,  Alten- 
burg,  Hungary. 

'^1874^  Chem.  Werthbestim.,  p.  42  and  55  ;  see  also  Plant  Analyses.  1884,  Kng.  Ed., 
pages  63  and  x88. 

•  1879,  Nederland.  Tydschr.  v.  Pharm.,  Jan  ;  Analyst^  14,  118. 

7  1882  and  1884,  Year-Book  of  Pharm.,  p.  401,  447. 

8  j886,  Pharm.  Centralhalle.  27,  492. 

9 /£97,  Pharm.  Centralhalle,  a8,  21 ;    Pharm.  J.  Trans.   [3],   17,888;   Am,  J,  J^arm., 

59.  179- 

10  /S87,  Arch.  d.  Pharm.  [3J,  25,  45,  49  ;  J.  de  Pharm.  et  de  Chim.  [5],  15,  571 ;  £er.  d. 
chem.  Ges.^  ao,  148 ;  J.  Chem,  Soc.,  5a,  621. 

11 1892,  Schwefz.,  Wochenschr.  f.  Chem.  u.  Pharm.,  30,  501,  509 ;  Am.  J.  Pharm.,  65,  78. 
i88j,  Schweiz.,  Wochehschr.  f.  Chem.  u.  Pharm.,  31,  473;  Ztschr.  Oesterreich-  Apoteker., 
47i  563.  586 ;  Am.  J.  Pharm.,  W,  42. 

13  Alkaloids,  generally,  are  neutral  to  phenolphthalein,  consequently  it  cannot  be 
employed  in  titrating  alkaloids  directly.  It  is  available  for  indirect  titrations,  t.  e., 
estimating  the  amount  of  acids  combined  with  an  alkaloid  in  its  neutral  salts. 
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the  discrepancies  are  chiefly  due  to  differences  in  modus  oper- 
andi, to  defective  apparatus,  and,  in  volumetric  analysis,  to  dif- 
erent  end  reaction  tints  arbitrarily  assumed  by  each  worker. 

In  order  to  eliminate  the  factors  of  uncertainty  as  completely 
as  possible  the  methods  of  operation  were  carefully  written  out 
and  closely  adhered  to  "in  all  the  work.  The  burettes  and  a 
pipette  were  carefully  calibrated  in  order  to  ascertain  the  neces- 
sary factor  -for  correction.  The  method  of  calibration  was  as 
follows :  each  burette  and  pipette  was  exactly  filled  to  the  zero 
mark  with  distilled  water,  at  is"*  C.  and  ten  cc,  delivered  into  a 
tared  weighing  flask  and  weighed,  then  the  next  ten  cc.  were 
treated  in  the  same  manner,  and  so  on  until  the  entire  capacity 
of  each  was  tested.  A  glass-stoppered  cylinder  was  also  stand- 
ardized. All  efforts  to  standardize  a  liter  flask  were  thwarted. 
A  large  balance  sufficiently  sensitive  to  do  the  work  satisfac- 
torily could  not  be  found. 

In  titration  the  personal  equation  plays  an  important  part. 
Authorities  are  not  agreed  oft  end  reaction  tints,  each  operator 
relying  on  his  own  judgment.  The  writer  thinks  it  correct  to 
titrate  to  the  point  where  a  different  color  from  the  initial  color 
is  developed.  In  order  to  obtain  standard  end  reaction  tints  for 
alkaloids  it  will  be  necessary  to  prepare  some  absolutely  pure 
alkaloid ;  treat  a  molecular  quantity  of  the  alkaloid  with  an 
equivalent  of  the  acid  in  question  to  form  a  neutral  salt,  then 
add  one  drop  more  of  the  decinormal  acid  for  an  acid  color 
reaction.  For  alkaline  tints  add  one  drop  of  the  centinormal 
alkaline  solution  to  a  solution  of  neutral  alkaloidal  salt,  theo- 
retically prepared. 

In  this  work  the  writer  titrated  from  acid  to  alkaline  solutions 
as  follows :  Brazil  wood,  from  yellow  to  onion-red,  the  purple 
ultimately  fading  to  this ;  cochineal  from  yellow  to  bluish-red ; 
haematoxylin  from  yellow  to  brown-orange;  litmus  from  red 
to  onion-red,  and  methyl  orange  from  red  to  straw-yellow. 

The  indicator  solutions  were  prepared  according  to  the  most 
approved  processes.  Cochineal  and  litmus  were  prepared 
according  to  the  specifications  of  Sutton's  Volumetric  Analysis, 
sixth  edition.  Phenolphthalein,  one  gram  dissolved  in  one  liter 
of  fifty  per  cent,  alcohol.     Haematoxylin,  well  crystallized,  one 
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gram  dissolved  in  100  cc.  of  strong  alcohol.  The  method  best 
suited  for  preparing  the  Brazil  wood  solution,  is  to  place  three 
grams  of  the  wood  into  a  casserole,  add  ten  cc.  of  distilled  water, 
boil  gently  for  a  few  minutes,  cool,  and  filter.  A  freshly  pre- 
pared solution  has  given  the  writer  the  most  satisfactory  results. 
Methyl  orange,  one  gram  dissolved  in  one  liter  of  distilled  water. 
Considerable  difficulty  was  experienced  in  obtaining  even  a 
fairly  satisfactory  product  of  methyl  orange.  The  method  pro- 
posed by  Mr.  B.  Reinitzer'  for  preparing  the  litmus  solution  did 
not  come  to  the  writer's  notice  until  considerable  work  had  been 
done  with  the  solution  prepared  as  above. 

In  titration  the  following  quantities  of  the  several  indicators 
were  employed:  methyl  orange,  Brazil  wood,  cochineal,  and 
phenolphthalein,  five  drops  each  ;  litmus  ten  drops  and  haema- 
toxyKn  three  drops.  . 

The  standard  solution  employed  in  this  investigation,  from 
which  the  exact  strength  of  the  other  volumetric  solution  was 
determined,  was  a  solution  of  normal  sulphuric  acid.  This 
solution  was  prepared  from  data  obtained  by  the  several  meth- 
ods ;  titration  against  pure  anhydrous  sodium  carbonate,  using 
the  above  indicators;  precipitation  as  barium  sulphate  and 
Weinig*s*  process.  After  some  experimentation,  it  was  found 
that  Weinig's  method  gave  the  most  satisfactory  results.  The 
method  is  simple  and  yields  very  concordant  results.  The  fol- 
lowing are  the  data  obtained  from  an  approximately  normal  sul- 
phuric acid  solution  with  the  above  methods : 

No.  of  cc.  of  acid  Grams  of  SO3 

solution  required  per  in  ten  cc.  of 

Indicators.                           ten  cc.  of  normal  the  acid 

and  methods.                      sodium  carbonate.  solution. 

r Brazil  wood 9.50  0.421 1 

Haematoxylin 9.54  0.4192 

J  Cochineal 9.50  0.421 1 

Litmus 9.50  0.4211 

^ethyl  orange 9.50  0.421 1 

Phenolphthalein 9.45  0.4216 

Weinig's  method 0-4247 

Barium  sulphate  method 0.4200 

Due  precaution  was  taken  to  boil  the  solution  thoroughly  with 

1 1894,  Ztschr.  angew.  Chem.,  547,  573 ;  Chem.  News,  70,  225,  239,  249. 
«  1892,  Ztschr.  angew.  Chem.,  204;  Analyst,  17,  99. 
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the  indicators  requiring  it.  With  solutions  of  the  above  strength 
it  was  impossible  to  detect  any  difference  in  the  sensitiveness  of 
most  of  the  indicators. 

With  the  normal  sulphuric  acid  solution  a  normal  solution  of 
pure  potassium  hydroxide  was  standardized.  Prom  the  normal 
sulphuric  acid  solution  and  normal  alkaline  solution  there  were 
prepared,  respectively,  a  decinormal  acid  solution  and  a  centi- 
normal  alkaline  solution.  The  two  solutions  thus  prepared  were 
carefully  titrated  against  each  other,  employing  the  above  indi- 
cators with  the  following  results  : 

No.  of  cc.  of  No.  of  cc.  of  centinormal  KOH 

normal  sulphuric  required  per  ten  cc.  of  deci- 

acid.  normal  HSSO4. 

Indicators.  LaWall.  Kebler. 

Phenol  phthalein 10  101.80  102.00 

Brazil  wood 10  99*56  100.00 

Cochineal 10  100.58  99>^ 

Haematoxylin 10  99.76  100.00 

Litmus 10  99-97  99*6o 

Methyl  orange 10  92.67  98.53 

My  associate,  Mr.  La  Wall,  took  up  a  portion  of  the  work, 
which  he  executed  independently,  using,  however,  the  same 
solutions  and  apparatus  that  the  writer  employed.  The  above, 
and  all  subsequent  results,  are  the  average  of  duplicate,  tripli- 
cate or  more  titrations. 

The  titration  of  pure  alkaloids,  as  found  in  the  market,  was 
next  undertaken.  With  quinine  and  codeine  the  following 
method  was  used :  two  grams  of  the  alkaloid  were  placed  in 
the  cylinder,  dissolved  in  alcohol,  and  diluted  up  to  loocc.  with 
alcohol.  To  ten  cc.  of  this  solution  and  the  requisite  quantity 
of  indicator  contained  in  a  suitable  beaker,  the  decinormal  acid 
solution  was  added  to  slight  excess,  agitated,  allowed  to  staDd  a 
few  minutes,  the  sides  of  the  beaker  well  washed  down  with  dis- 
tilled water,  adding  about  .forty  cc,  and  the  excess  of  acid 
titrated  back  with  the  centinormal  alkaline  solution. 

With  alkaloids  not  freely  soluble  in  •alcohol,  the  following 
procedure  was  adopted  :  two  grams  of  the  alkaloid  were  placed 
into  a  200  cc.  beaker,  seventy-five  cc.  of  decinormal  acid  added, 
the  contents  of  the  beaker  warmed  on  a  water-bath  and  occa- 
sionally agitated  until  the  alkaloid  was  dissolved.     The  beaker  • 
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and  contents  were  then  cooled,  the  contents  transferred  to  a  100 
cc.  cylinder,  the  beaker  carefully  rinsed  with  several  successive 
portions  of  water,  transferred  to  the  100  cc.  cylinder  and  finally 
made  up  to  100  cc.  with  water.  £ach  ten  cc.  contained  two- 
tenthsof  a  gram  of  alkaloid  and  seven  and  a  half  cc.  of  decinormal 
acid  solution.  After  adding  the  requisite  amount  of  indicator  to 
ten  cc.  of  the  alkaloidal  solution  and  diluting  up  to  about  fifty 
cc,  the  excess  of  acid  was  carefully  retitrated.  Two  or  more 
titrations  were  made  in  every  case,  with  the  same  solution  and 
indicator,  by  adding  to  the  solution  just  finished,  another  por- 
tion of  the  decinormal  acid  solution  and  retitrating  with  the  cen- 
tinormal  alkaline  solution,  taking  finally  the  average  reading. 

The  above  methods  of  titration  and  preparation  of  solutions 
were  employed  with  several  pure  alkaloids.  The  results  are 
tabulated  below. 

Quinine.  Strychnine.  Morpfaine.    Codeine. 

Indicators.  LaWall.       Kebler.       Kebler.        Kebler.       Kebler. 

Brazilwood 99.90  101.97  99-36  98.93  95-75 

Cochineal 105.56  102.54  103.20  99-o8  97-09 

Haematozylin 99-8i  103.37  100.03  98-17  95-9o 

Litmus 101.80  103.55  103.54  98.93  96.38 

Methyl  orange 123.27  104.21  100.59  98.11 

The  number  of  times  the  analyst  is  requested  to  investigate 
the  purity  of  refined  alkaloids  is  comparatively  small,  but  the 
crude  alkaloids  claim  a  greater  share  of  his  time  and  attention. 

The  next  step  was  to  investigate  the  adaptability  of  the  above 
process  to  crude  morphine  and  crude  cocaine.  The  results  are 
as  follows : 

Crude  morphine.  Crude  cocaine. 

Indicators.  LaWall.  Kebler.  Kebler. 

Brazilwood 99*23  98.47  95-90 

Cochineal 100.14  99-53  97'ii 

Haematoxylin 99-o8  97-59  95-74 

Litmus 99-50  98.93  96.82 

Methyl  orange 102. 10  100.02  100. 14 

With  the  same  crude  morphine  the  ash  method  yielded  97.59 
per  cent.,  the  lime-water  method  98.22  per  cent.,-  and  the  abso- 
lute alcohol  method  98.33  per  cent,  of  pure  morphine. 

A  complete  analysis  was  made  of  the  crude  cocaine  to  ascer- 
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tain  how  nearly  the  titrations  corresponded  with  the  gravimetric 
process  of  Dr.  Squibb.' 

Per  cent. 

Moisture 0.405 

Cocaine  nearly  pure 97-3<» 

Material  soluble  in  ether o.ioo 

Material  insoluble  in  ether    1.810 

Loss 0.385 

Total 100.00 

Notwithstanding  the  fact  that  crude  alkaloids  claim  consid- 
erable attention  on  the  part  of  the  analyst,  yet  only  a  few  are 
found  already  extracted  on  the  market.  It  generally  happens 
that  the  operator  is  requested  not  only  to  determine  the  amount 
of  pure  alkaloids,  but  also  to  extract  them  from  their  natural 
sources.  For  this  purpose  the  writer  employed  a  modification 
of  Keller's  process.  The  method  is  as  follows  :  place  ten  g^ams 
of  the  dry  drug  into  a  250  cc.  flask,  add  twenty-five  grams 
of  chloroform,  seventy-five  grams  of  ether,  stopper  the  flask 
securely,  agitate  well  for  several  minutes,  add  ten  grams  of  ten 
per  cent,  ammonia  water,  then  agitate  frequently  and  during 
one  hour.  On  adding  five  grams  more  of  ten  per  cent,  ammo- 
nia water  and  shaking  well,  the  suspended  powder  agglutinates 
into  a  lump,  the  liquid  becomes  clear,  after  standing  a  few  min- 
utes, and  can  be  poured  off  almost  completely. 

1 .  When  the  mixture  has  completely  separated,  pour  off  fifty 
grams  into  a  beaker,  evaporate  the  solvent  on  a  water-bath, 
add  ten  cc.  of  ether,  and  evaporate  again.  Dissolve  the  varnish- 
like  residue  in  fifteen  cc.  of  alcohol,  with  heat,  add  water  to 
slight  permanent  turbidity,  the  requisite  quantity  of  indicator 
and  an  excess  of  the  acid  solution  ;  retitrate  with  the  centinor- 
mal  alkaline  solution. 

2.  When  the  mixture  has  completely  separated  pour  fifty 
grams  into  a  separatory  funnel,  treat  at  once  with  twenty  cc.  of 
acidulated  water.  After  thorough  agitation  and  Complete  separa- 
tion remove  the  aqueous  solution  into  a  second  separatory  fun- 
nel. Repeat  the  above  operation  twice  more  successively  with 
fifteen  .  cc.  of  slightly  acidulated  water.     The  acidulated  water 

I  Ephemeris,  3, 1171. 


ESTIMATION  OP  VBOBTABLB  ALKAI«OIDS.  829 

in  the  second  separatory  funnel  is  rendered  alkaline  with  ammo- 
nia water,  the  alkaloid  removed  successively  with  twenty  cc, 
fifteen  cc.,  and  fifteen  cc.  of  a  mixture  of  three  parts  (by  vol- 
ume) of  chloroform  and  one  part  of  ether.  Collect  the  chloro- 
form-ether mixture  in  a  tared  beaker  and  distil  off  the  solvent. 
The  varnish-like  residue  is  twice  treated  with  eight  cc.  of  ether, 
evaporated  on  a  water-bath  and  dried  to  constant  weight  on  the 
water-bath.  The  varnish-like  residue  is  next  dissolved  in  fifteen 
cc.  of  alcohol  and  treated  as  in  (i)  above. 

Nux  vomica  and  ipecac  root  were  treated  according  to  pro- 
cesses (i)  and  (2)  r  belladonna  leaves  according  to  process  (2). 
The  results  are  as  follows : 

Per  cent,  of        Per  cent,  of 
Per  cent  of         alkaloids  in        alkaloids  in  Per  cent,  of 

alkaloids  in       nux  vomica  by  nux  vomica  by      alkaloid  in 
nux  vomica  by       pnx:ess  (a).        process  (2).      ipecac  root  by 
process  (x).     Gravimetrically.  Volumetrically.    process  (i.) 

I«aWall.  Kebler.  I«aWaU.  Kebler .  La  Wall.  Kebler.  La  Wall.  Kebler 

Brazilwood 2.04    2.58      2.94      3.00      2.37      2.37      2.46      2.54 

Cochineal 2.64    2.69      2.86      3.10      2.42      2.39      2.59      2.49 

Haematoxylin  • .  •  2.18    2.24      2.88      3:11      2.23      2.27      2.48      2.54 

Litmus 2.38    2.34      2.93      3.05      2.55      2.37      2.55      2.57 

Methyl  orange  •..  3.02    3.64      2.93      3.02      2.65      2.61      2.95      3.30 

Per  cent,  of         Per  cent  of         Per  cent,  of  Per  cent,  of 

alkaloid  in  alkaloid  in        alkaloids  in        alkaloids  in 

ipecac  root  ipecac  root  belladonna         belladkonna 

by  by  leaves  by  leaves  by 

process  (2).         process  (2).        process  (2).        process  (2). 

Gravimetrically.  Volumetrically.  Gravimetrically.  Volumetrically. 

I«aWall.  Kebler.  LaWall.  Kebler.  La  Wall.  Kebler.  LaWall.Kebler. 

Brazilwood 2.58    2.60      2.36      2.35      0.26      0.20       0.19    0.15 

Cochineal 2.63    2.68      2.52      2.33      0.28      0.20       0.24    0.14 

Haematoxylin  ••  •  2.58    2.68      2.35      2.33      0.27      0.22        0.21    0.13 

I/itmus 2.62    2.60      2.40      2.25      0.24      0.18       0.20    0.15 

Methyl  orange ••  •  2.66    2.63      2.89      2.61      0.25      0.20       0.23    0.20 

According  to  the  well-established  method  of  Messrs.  Dunstan' 
and  Short,  the  nux  vomica  examined  contained  2.89  per  cent, 
of  crude  alkaloid.  On  carefully  titrating  this  crude  product  with 
a  volumetric  acid  solution,  2.12  per  cent,  of  pure  alkaloid  was 
indicated.  Cochineal  was  used  as  an  indicator.  These  figures 
show  that  this  method  produces  an  alkaloid  residue  containing  a 
smaller  percentage  of  pure  alkaloid  than  that  obtained  by  Kel- 
ler's process. 

i  /S^,  Pharm.  J.  Trans.  [3],  X3«  6^ 
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From  the  results  embodied  in  this  paper  it  can  safely  be  con- 
cluded that  methyl  orange  cannot  be  numbered  with  the  indica- 
tors suitable  for  titrating  alkaloids.  With  centinormal,  fifth  deci- 
normal  and  other  solutions  of  various  strengths  it  fails  to  give  satis- 
factory results.  Notwithstanding  the  sensitiveness  claimed  for  it, 
the  writer  believes  that  its  days,  as  an  ideal  indicator,  are  num- 
bered. Even  Professor  lyunge,  the  staunch  advocate  of  methyl 
orange,  has  admitted  that  a  properly  prepared  solution  of  litmus 
is  quite  superior  to  this  indicator,  in  inorganic  estimations. 

A  solution  of  litmus  prepared  according  to  the  directions 
herein  employed  is  quite  unsatisfactory  for  delicate  titrations. 
The  method  proposed  by  Reinitzer  promises  to  be  better  suited. 

Of  the  indicators  thus  far  considered,  haematoxylin,  Brazil 
wood,  and  cochineal  give  very  promising  results.  Haematoxy- 
lin justly  claims  first  place  and  Brazil  wood  the  second.  Other 
indicators  will  be  considered  in  due  time. 

As  stated  above,  the  prime  object  of  this  investigation  is  to 
ascertain  what  indicators  are  best  adapted  to  the  titration  of 
alkaloids ;  but  in  order  to  determine  how  reliable  the  results  were, 
gravimetric  determinations  necessarily  formed  a  part  of  the 
work. 

When  it  is  remembered  that  not  only  do  analytical  methods 
contain  inherent  limitations,  but  also  that  each  operator  pos- 
sesses a  positive  or  a  negative  equation  of  error,  the  reader  will 
undoubtedly  concur  with  the  writer  that  the  results  are  very 
satisfactory.  Attention  must  again  be  called  to  the  fact  that  the 
work  was  conducted  under  precisely  the  same  conditions. 

As  would  naturally  be  expected,  the  amount  of  alkaloid 
obtained  by  process  (2)  is  smaller  than  that  secured  by  pro- 
cess (i).  A  small  per  cent,  of  the  alkaloid  may  be  lost  during 
the  process  of  extraction.  The  small  amount  of  coloring-matter 
possibly  vitiates  the  results,  or  perhaps  some  non-alkaloidal  sub- 
stance increases  the  yield  in  process  (2). 

From  the  hundreds  of  assays  made  by  the  author,  he  feels 
justified  in  stating  that  all  of  the  gravimetric  processes  yield 
products  containing  considerable  non-alkaloidal  matter,  and 
hopes  that  the  day  is  not  far  distant  when  a!ll  gravimetric  results 
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will  at  least  be  supplemented  by  volumetric  methods,  if  not  dis- 
placed by  them. 
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El^KMSNTS    OP    MODBRN    CHEMISTRY.      By    ChARI^KS   AdOU>HE   WURTZ. 

Fifth  American  Edition.  Revised  and  enlarged  by  Wm.  H.  Greene, 
M.D.,  and  Harry  F.  Keller,  Ph.D.  12  mo.  pp.  788.  Philadelphia:  J. 
B.  Ivippincott  &  Co.,  1895. 

On  the  whole,  this  is  a  very  good  text-book,  well  adapted  to 
the  needs  of  high  schools  and  general  use  in  colleges,  as  its  pop- 
ularity proves.  From  the  reviewer's  standpoint,  however,  it 
possesses  two  distinct  faults.  First,  the  disproportionately  large 
space  given  to  organic  chemistry.  This  part  of  the  subject  is 
full  of  very  important  information,  but  it  has  taken  on  too  much 
of  the  style  of  a  dictionary  and  too  little  of  the  anal3rtical  method 
of  a  treatise.  The  result  is  360  pages  of  material  which  by  ju- 
dicious generalization  should  have  been  condensed  to  half  that 
amount,  in  order  to  correspond  in  size  to  the  rest  of  the  book. 
For  instance,  two  pages  are  given  to  describing  succinic  acid, 
and  yet  barely  a  single  page  each  to  barium,  strontium  or  cad- 
mium, with  all  their  compounds ;  the  derivatives  of  urea  take 
five  pages,  while  the  subject  of  chemical  energy  and  thermo- 
chemistry is  disposed  of  in  just  half  that  space.  Secondly,  the 
lack  of  true  inductive  reasoning  in  establishing  the  probability 
of  the  atomic  theory.  The  introductory  pages  on  chemical  the- 
ories and  laws  contain  the  **  Articles  of  Faith"  of  the  atomic 
theory,  very  clearly  stated,  but  it  must  be  said  that  the  theory 
itself  is  virtually  taken  for  granted.  For  instance,  speaking  of 
forming  ferrous  sulphide  by  melting  iron  filings  and  sulphur  to- 
gether, it  is  said,  **  After  cooling  it  is  perfectly  homogeneous, 
neither  iron  nor  sulphur  can  be  recognized.  Both  have  disap- 
peared as  such.*'  This  is  perfectly  true,  and  according  to  ex- 
perience. But,  a  few  lines  further  we  have:  **It  cannot  be 
admitted  that  these  two  substances  are  confounded  in  the  mole- 
cule, or  that  the  effect  of  the  combination  of  sulphur  with  iron  is 
an  interpenetration  of  the  two  bodies,  so  intimate  that  they  both 
disappear  in  what  might  be  called  a  homogeneous  mixture." 
The  student  might  very  naturally  inquire  why  it  could  not  be 
admitted,  since  such  an  admission  would  coincide  so  well  with 
the  facts  as  far  as  we  know  them ;  and  the  only  answer  that 
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could  be  made  would  be,  **  It  would  not  agree  with  the  atomic 
theory."  The  student  might  well  say,  **So  much  the  worse 
for  the  theory!" 

We  note  the  absence  of  thermochemical  data,  the  most  im- 
portant of  which  might  well  serve  for  illustrating  the  general 
relations  of  the  elements  to  each  other  and  to  the  acids.  In  the 
chapters  describing  the  metals  and  their  compounds,  many  of 
the  simple  blowpipe  tests  for  identifying  the  elements  are 
omitted,  and  for  some  common  elements  no  qualitative  tests  at 
all  are  given.  The  table  of  the  melting-points  of  the  metals 
needs  revision.  The  electrolytic  method  of  refining  copper  can- 
not now  be  spoken  of  as  expensive.  The  mineral  Edisonite, 
spoken  of  as  a  form  of  titanic  oxide,  has  been  proved  to  be  rutile. 
Among  the  methods  of  manufacturing  caustic  soda,  bleaching 
powder,  and  potassium  chlorate,  the  electrolytic  methods  are  not 
mentioned — as  they  surely  should  be. 

On  the  other  hand,  the  numerous  revisions  to  which  the  text 

has  been  subjected  have  ensured  the  almost  certain  accuracy  of 

the  facts  presented  and  the  absence  of  mistakes.     The  revision 

up  to  date  has  been  done  in  a  way  which  reflects  great  credit  on 

the  revisers.     Granted  that  the  teacher  will  remedy  the  faults 

first  spoken  of  by  cutting  down  much  of  the  detail  of  the  organic 

chemistry  and  presenting  the  atomic  theory  in  a  more  logical 

manner,  and  we  may  pronounce  the  book  the  best  elementary 

text-book  of  chemistry  of  the  year. 

Joseph  W.  Richards. 

Justus  von  Liebig,  His  Life  and  Work.    By  W.  A.  Shenstone.    i2mo. 
pp.219.    $^-^5'     New  York:  Macmillen  &  Co. 

Liebig *s  personality  was  an  interesting  one.  His  life  was  one 
of  earnest  purpose  and  hard  work.  He  was  a  many-sided  man, 
and  his  influence  was  felt  in  many  directions.  In  investigation, 
as  a  man  of  affairs  and  as  a  popular  teacher,  Liebig 's  work  has 
been  of  use  to  his  kind.  Of  the  brilliant  chemists  of  his  day — 
Graham,  Dalton,  Wohler  and  Dumas,  among  others — his  career 
is  the  most  interesting.  Liebig's  work  began  in  Gay  Lussac's 
laboratory  where  in  connection  with  his  work  on  the  fulminates 
he  discovered  isomerism.  In  1824  he  went  to  Giessen,  and  in 
1852  to  Munich.     *'  Liebig  was  essentially  a  pioneer  in  science. 
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In  the  coarse  of  his  life  he  took  the  lead  in  no  less  than  four 
great  departures.  The  first  was  in  organic  chemistry,  the  sec- 
ond and  third  in  the  application  of  chemistry  to  agriculture  and 
physiology,  the  fourth  *  *  was  the  outcome  of  his  labors  as 
a  teacher.  His  work,  like  that  of  other  pioneers  was,  of  course, 
not  always  correct  in  all  points  of  detail.  But  it  had  all  the 
greater  merits  of  good  pioneering  work  in  a  most  marked  degree. 
It  almost  always  pointed  the  right  way,  and  its  remarkable  influ- 
ence in  determining  the  direction  of  subsequent  research  has  been 
singularly  permanent."  To  this  may  be  added  that  he  was  a 
virile  man,  vigorous  and  trenchant  in  debate,  but  honoring  truth 
above  all  things,  and  willing  to  acknowledge  his  errors — and 
several  times  he  was  in  the  wrong. 

Professor  Shenstone  has  given  us  a  very  interesting  and  lucid 
account  of  his  life  and  his  work. 

B.  H. 


NOTE. 

Determination  of  Acetic  Acid  in  Vinegar. — Dr.  B.  F.  Davenport 
wishes  to  call  attention  to  his  article  on  this  subject  printed  in 
the  Journal  of  Analytical  Chemistry y  1»  4,  in  view  of  the  fact 
that  Prof.  Leeds'  attention  had  apparently  not  been  called  to  it 
before  writing  the  article  printed  in  the  September  number  of 
this  journal,  p.  741. 
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AN  ELeCTROLYTIC   PROCESS   FOR  THE  nANUPACTURE 

OF  WHITE  LEAD.' 

By  R.  p.  Williams. 

Received  September  9,  289$. 

WHITE  LEAD  is  the  basis  par  excellence  of  white  paint. 
For  hundreds  of  years  it  has  been  used,  mixed  with  lin- 
seed oil,  as  the  main  pigment  Avhere  permanent,  opaque,  white 
color  is  desired. 

Up  to  the  present  time  there  have  been  but  two  radically  dif- 
ferent processes  of  manufacture  that  have  proved  in  any  degree 
successful.  These  are  known  as  the  Dutch  and  the  French 
processes.  The  English  and  the  German  are  only  modifications 
of  the  same  principle  as  the  others.  The  Dutch  process  is  the 
only  really  successful  one.  I  do  not  propose  to  go  into  the 
details  of  either  of  these  processes,  since  they  are  well  known 
to  every  chemist,  but  only  to  recall  just  enough  of  them  to 
serve  as  the  basis  of  comparison  and  as  an  introduction 
to  the  one  I  am  to  describe.  Both  the  French  and  the  Dutch, 
as  well  as  the  many  modifications  of  them,  depend  upon  one 
compound;  viz.,  lead  acetate  (or  better,  sub-acetate).  This  is 
the  compound  which  has  always  been  regarded  as  the  essential 
first  step  in  white  lead  manufacture.  The  fact  is  interesting, 
since  white  lead  as  a  pigment  has  been  known  for  more  than 
2,000  years,  and  from  the  earliest  times  it  has  been  made  by  the 
action  of  acetic  acid  on  lead.     The  name,  Dutch  process,  is  a 

1  Read  at  the  Springfield  meeting. 
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misnomer,  as  the  process  was  introduced  by  the  Dutch  or  Flemish 
people  over  300  years  ago  from  Italy,  where  it  had  been  employed 
for  hundreds  of  years  previously.  In  fact,  Pliny  in  the  first  cen- 
tury describes  the  essentials  of  the  process,  and  it  is  said  to  have 
been  employed  in  his  country  ever  since  his  time,  though,  of 
course,  on  an  extremely  limited  scale  at  first.  Indeed  Theo- 
phrastus,  about  300  B.  C,  describes  the  preparation  of  a  white 
pigment  from  lead  and  vinegar.  This  may  have  been  the  ace- 
tate, or  it  may  have  been  the  carbonate.  The  new  process  is 
a  radical  departure  from  all  the  old  ones  in  not  employing  acetic 
acid  at  all,  but  in  acting  upon  lead  with  nitric  acid,  which  is 
generated  by  electricity. 

The  process  consists  of  four  reactions,  as  given  below. 
First,  the  electrical  preparation  of  nitric  acid  and  sodium 
hydroxide.  Second,  the  action  of  the  nitric  acid  on  lead,  forming 
lead  nitrate.  Third,  the  reaction  of  lead  nitrate  and  sodium 
hydroxide  to  form  lead  hydroxide.  Fourth,  the  combination  of 
lead  hydroxide  and  sodium  bicarbonate  to  form  lead  carbonate. 

In  the  first  step  of  the  process,  a  solution  of  sodium  nitrate  is 
decomposed  by  an  electric  current  from  a  dynamo.  The  strength 
of  solution  required  is  not  important,  10°  Baum£,  or  say  one 
pound  to  the  gallon,,  being  suflficient.  This  solution  is  put  into 
a  series  of  cells,  constructed  of  wood,  and  divided  into  two  com- 
partments by  a  porous  partition.  At  the  plus  electrode  is 
fastened  a  pig  of  lead,  and  at  the  minus  a  sheet  of  copper. 
The  solution  being  run  in  from  an  overhead  reservoir,  and  the 
current  turned  on,  the  nitrate  is  decomposed  according  to 
equation  (i),  nitric  acid  collecting  at  the  plus  electrode  and 
sodium  hydroxide  at  the  minus.  The  nitric  acid  at  once 
attacks  the  lead  and  forms  lead  nitrate,  which  dissolves, 
equation  (2),  whereas  the  sodium  hydroxide  produces  no  effect 
on  the  copper  at  the  negative  pole.  Finally  the  lead  nitrate  so- 
lution and  the  sodium  hydroxide  solution  are  drawn  off  separ- 
ately, and  mixed  as  desired,  in  quantitative  proportions,  in  a 
receptacle.  The  result  as  shown  in  equation  (3),  gives  lead 
hydroxide  as  a  white,  amorphous  precipitate,  and  leaves  sodium 
nitrate  in  solution.  This  is  practically  the  original  nitrate,  and 
its  regeneration  shows  one  of  the  economic  excellencies  of  the 
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process,  for  the  nitrate  can  be  used  over  and  over  again,  as  the 
source  of  more  acid. 

It  has  been  found  at  the  experiment  station,  that  but  little 
additional  sodium  nitrate  is  required  for  a  repetition  of  the  pro- 
cess as  complete  as  the  original.  The  lead  hydroxide  is  then 
filtered  from  the  sodium  nitrate.  This  is  done  automatically 
and  continuously,  by  a  rotary  filtering  device,  and  the  sodium 
nitrate  is  pumped  back  into  the  original  reservoir.  The  fourth 
step  is,  in  some  respects,  the  most  interesting  of  all,  and  consists 
in  adding  to  the  lead  hydroxide  a  solution  of  sodium  bicarbonate 
(or  of  the  normal  carbonate).  Reaction  (4)  at  once  takes  place. 
It  will  be  noted  that  sodium  hydroxide  is  the  product  in  solu- 
tion, and  lead  carbonate  the  precipitate.  Another  beauty  of  this 
process  is  that  the  sodium  hydroxide  removes  most  of  the  impuri- 
ties, if  there  are  any,  in  the  lead  hydroxide;  for  instance,  it 
will  dissolve  any  salts  of  aluminum  or  of  zinc,  and  it  removes 
organic  matter. 

These  impurities  appear  in  the  solution,  leaving  the  precipi- 
tate remarkably  white.  Once  more,  this  by-product,  sodium 
hydroxide,  by  passing  carbon  dioxide  into  it,  is  converted  into 
bicarbonate  and  the  latter  can  be  used  again.  Thus  the  main 
agent  in  each  of  the  two  prijicipal  steps,  sodium  nitrate  and 
sodium  bicarbonate,  is  made  to  do  duty  over  and  over  again,  with 
but  slight  additions. 

(i)  NaNO,-hH,0=NaOH-hHNO,. 

(2)  2HNO.-f  Pb  =  Pb(NO.).-fH,. 

(3)  Pb(NO.),+  2NaOH  =  Pb(OH),-f  2NaN0.. 

(4)  Pb(OH),+  HNaCO.  =  PbCO.+  NaOH  +  H,0. 

It  is  doubtful  whether  (i)  and  (2)  take  place  as  above,  but 
probably  the  reaction  is  as  follows,  sinoe  hydrogen  is  libera- 
ted at  the  minus  electrode  : 

2NaNO.+2H.O  +  Pb  =  (2Nj[bH  +  H,)+  PbO,(NO,),. 

Let  us  now  turn  from  the  theoretical  to  the  practical  part  of 
the  matter.  The  first  question  which  naturally  arises  is,  will 
this  process  so  beautiful  in  theory,  and  as  a  laboratory  experi- 
ment, work  on  a  large  scale   and  give  sufiBciently  practical 
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results  to  compete  with  the  other  methods  of  manufacture,  and 
make  it  a  lasting  contribution  to  inventive  science  ? 

An  experimental  station  was  for  several  months  in  operation 
in  Cambridge,  Mass.,  erected  and  run  under  the  direction  of 
Mr.  Arthur  Benjamin  Brown,  the  inventor  of  the  process.  This 
was  capable  of  turning  out  some  500  pounds  of  white  lead  per 
day.  Its  success  was  regarded  as  beyond  question.  The  cost  of 
white  lead  by  this  process  is  more  than  covered  by  the  gain  in 
weight,  and  is  but  a  fraction  of  the  cost  by  the  Dutch  method. 
The  reasons  are,  first,  in  the  electrolytic  process  pig  lead  is  used, 
as  it  comes  from  the  smelting  furnace.  In  the  Dutch  it  has  to 
be  remelted,  cast  into  ** buckles'*  of  definite  size,  and,  after 
the  action  of  acetic  acid,  from  one-third  to  one-half  is  left  un- 
corroded  and  has  to  be  recast. 

Second,  the  process  is  almost  instantaneous,  as  every  reaction 
takes  place  rapidly,  while  by  the  other  mode  from  two  to  six 
months  is  required. 

Third,  in  materials  and  labor  there  is  great  saving.  No  free 
acid  is  used,  either  acetic  or  nitric,  and  the  agents  sodium 
nitrate  and  bicarbonate,  are  used  repeatedly.  By  the  old 
method  a  plant  covering  a  large  area  is  filled  for  months  with 
fermenting  tan  bark  or  manure,  acetic  acid  and  lead,  while  the 
process  is  going  on,  and  at  its  completion,  the  product  is  removed 
with  much  labor,  and  has  to  be  thoroughly  and  repeatedly 
washed  to  dissolve  out  any  lead  acetate  remaining.  It  must 
be  ground  and  reground  under  water,  and  even  then  is  not 
likely  to  be  of  uniform  texture.  It  is  also  a  poisonous  and  dirty 
process.  The  electric  method  being  continuous,  is  complete 
the  same  day,  requires  but  a  very  small  force  of  men,  as  almost 
all  the  operations  are  automatic,  and  is  a  clean  and  non-poison- 
ous process. 

The  texture  of  the  product  is  almost  molecular  in  fineness,  as 
might  be  expected  from  its  being  produced  by  replacement  in  the 
hydroxide.  Hence  it  needs  no  grinding.  It  is  so  fine  as  to 
remain  suspended  in  water  for  a  long  time,  and  in  order  to  filter 
it  a  special  brand  of  cloth  had  to  be  made,  as  even  filter-paper 
would  scarcely  retain  it. 

One  of  the  most  important  practical  questions  is :  How  does 
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paint  made  from  electrolytic  white  lead  compare  with  that  made 
from  Dutch  lead  in  durability,  opacity,  and  covering  power? 
Specimens  have  been  submitted  to  some  of  the  largest  dealers 
and  painters  in  New  England  and  elsewhere,  and  Mr.  Brown, 
the  inventor,  has  spent  the  last  two  years,  aided  by  a  competent 
corps  of  assistants,  not  only  in  the  development  of  his  new  pro- 
cess, but  in  making  thorough  and  systematic  tests  of  the  product. 
Inside  and  outside  surfaces  have  been  exposed  to  the  severest 
extremes  of  weather,  to  the  varied  fumes  of  the  laborator}%  and 
to  other  crucial  tests.  Dutch  paint  and  electrolytic  paint  have 
been  exposed  side  by  side  for  two  years,  and  no  difference  can 
be  detected  in  durability  or  opacity.  The  covering  power  of  the 
new  paint  is  considerably  greater  than  that  of  the  Dutch. 
Experiments  vary  as  to  the  increased  percentage  from  twelve  to 
twenty,  or  even  higher,  but  in  no  case  was  there  found  to  be  a 
smaller  percentage* 

What  is  the  cause  of  such  an  increa^  ?  This  leads  us  to  dis- 
cuss somewhat  more  fully  the  nature  and  composition  of  white 
lead  made  by  the  various  processes.  Dutch  white  lead  consists 
approximately  of  two  molecules  of  the  carbonate  to  one  of  the 
hydroxide,  2PbCO,.Pb(OH),.  This,  however,  appears  not  to 
be  constant,  as  might  be  inferred  from  its  mode  of  manufacture. 
Lead  hydroxide  is  a  white,  amorphous  substance.  Lead  car- 
bonate is  either  a  spongy  transparent,  globular  powder,  or  is 
crystalline.  Whether  globular  or  crystalline  depends  upon  its 
mode  of  preparation.  Now  certain  properties  of  these  two  forms 
are  quite  different,  and  this  difference  explains  the  use  of  one 
and  the  disuse  of  the  other  form  as  a  pigment.  The  globules  of 
the  one  form  are  said  to  be  from  o.ooooi  to  0.00004  of  an  inch 
in  diameter.  These,  in  the  grinding  of  lead  with  linseed  oil,  are 
supposed  to  take  up  the  oil,  somewhat  as  a  sponge  absorbs 
water.  The  Dutch  process  lead  is  the  globular  variety,  and 
to  this  fact  has  been  attributed  the  greater  body  and  permanence 
of  the  paint  made  from  it  than  that  made  by  most  other  pro- 
cesses. The  crystalline  variety  of  the  carbonate  is  found  not  to 
absorb  oil  to  anything  like  the  same  extent  as  the  globular,  no 
matter  to  what  degree  of  fineness  it  is  ground,  the  surface  of  the 
minute  crystals  being  impervious.     Half  a  century  ago  Thenard 
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invented  the  *  *  quick  process  lead,  *  'or  *  *  French  process. ' '  This 
is  now  carried  on  in  Clichy,  France,  and  some  other  places,  and 
sold  as  ** Clichy  White.'*  It  is.  made  by  dissolving  litharge  in 
acetic  acid  and  then  passing  into  the  sub-acetate  of  lead  solution 
formed,  carbonic  acid  gas.  Thus  is  formed  neutral  lead  carbon- 
ate. It  was  at  first  thought  to  be  a  revolutionary  process,  but 
it  soon  became  apparent  that  the  product  did  not  give  the  capa- 
city or  body,  which  Dutch  lead  gave,  and  of  course  it  lacked 
permanence.  Made  in  this  way  the  carbonate  is  crystalline. 
Under  the  brush  it  is  found  not  to  cover  as  much  surface  and 
not  to  spread  as  well,  or  it  is  said  to  lack  '*body,*'  although  of 
the  same  composition,  as  the  other.  Other  rapid  processes — 
and  there  have  been  hosts  of  them — have  invariably  met  with  no 
better  success,  for  the  reason  that  the  carbonate  formed  is  the 
crystalline  instead  of  the  globular  variety.  To  this  fact  we 
may  mainly  attribute  the  long  continued  use  of  Dutch  process 
lead.  The  committee  of  experts  appointed  by  the  British 
Home  Secretary,  visited  forty-six  works,  and  found  only  one 
using  the  precipitation  process  and  three  the  chamber  process. 
They  say:  ** While  some  of  the  substitutes  are  cheaper  to 
make,  and  far  less  poisonous,  yet  they  are  far  from  equalling 
the  Dutch  lead  as  a  pigment.  Neither  can  they  recommend 
other  process  than  the  old  Dutch  process,  for  manufacturing 
the  product.'* 

Thus  we  see  that  until  now,  no  cheaper  method  has  been 
found  for  producing  the  globular  variety.  The  electrolytic  pro- 
cess does  produce  the  globular  kind,  and  a  finer  variety  even  than 
the  Dutch,  so  fine  in  fact,  that  it  was  almost  impossible  to  find  a 
filter  that  would  retain  it.  This  probably  accounts  for  the 
superiority  of  the  electrolytic  brand,  as  regards  body  and  cover- 
ing power  over  any  other  kind  produced.  Experiment  shows 
that  the  pure  carbonate  will  do  as  well  as  a  mixture  of  carbon- 
ate and  hydroxide.  By  the  new  process  it  is  easy  to  make 
either  the  pure  carbonate,  or  a  mixture  in  any  propor- 
tion, of  carbonate  and  hydroxide.  The  practicability  and 
cheapness  of  the  electrolytic  process,  and  the  efficiency  of  the 
product  being  conceded,  we  may  inquire  lastly  :  What  are  the 
probabilities  of  this  method  being  superseded  by  others  in  the 
future? 
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No  Other  white  pigment  has  yet  been  formed,  or  seems  likely 
to  be  found,  which  will  take  the  place  of  white  lead.  The  two 
main  substitutes  are  zinc  white,  ZnO,  and  permanent  white, 
BaSO^.  But  these  do  not  stand  the  test  with  lead  white,  having 
far  less  capacity,  and  less  covering  power.  Especially  will  they 
not  compete  with  the  cheapening  of  the  latter  by  the  new  process. 
Hence,  we  must  look  to  lead  to  give  us  the  white  pigment  of  the 
future. 

Now  what  are  the  possible  ways  of  making  lead  carbonate  ? 
There  are  but  three  common  solvents  of  the  metal ;  chlorine, 
acetic  acid,  nitric  add.  Chlorine  is  at  once  ruled  out  for  all 
practical  purposes,  for  reasons  that  need  not  be  mentioned  here. 
Acetic  acid  seems  to  have  been  the  substance  universally  em- 
ployed to  the  present  time,  for  getting  the  metals  into  a  pre- 
liminary state  for  making  the  carbonate.  As  before  noted, 
from  the  time  of  Theophrastus  to  the  present  day  a  host  of  per- 
sons in  every  age  and  many  countries,  have  experimented  and 
written  upon  the  subject,  all  using  the  same  method  so  far 
as  concerns  making  lead  acetate. 

The  inventor  of  the  present  process,  worked  a  long  time  upon 
the  acetate,  but  as  acetic  acid  is  an  organic  substance  of  quite 
complex  structure,  it  broke  up  very  readily  under  influence  of 
an  electrib  current,  giving  rise  to  unendurable  fumes,  and  its 
use  had  to  be  abandoned.  For  these  reasons  it  is  safe  to  say 
that  no  electrolytic  process  is  likely  to  employ  the  lead  acetates. 
The  only  solvent  left  is  therefore  nitric  acid.  Free  nitric  is  not 
likely  to  be  used  for  three  reasons :  First,  it  could  hardly  be 
employed  in  electrolysis ;  Second,  it  would  be  more  expensive 
than  Chile  saltpeter  ;  Third,  its  reaction  with  lead  would  give 
rise  to  noxioUs  nitric  oxide  fumes,  and  its  by-product  would  not 
be  re-usable.  It  should  be  said  that  no  gases  except  hydrogen 
arise  in  the  electrolytic  process,  in  which  the  acid,  as  fast  as  lib- 
erated, combines  with  the  lead,  as  may  be  seen  from  equation 

Now  the  only  feasible  source  of  nitric  acid  yet  found,  is  either 
sodium  or  potassium  nitrate.     The  former  being  far  the  more  . 
abundant  and  cheaper,  is  here  as  elsewhere   employed,   as  a 
source  of  the  acid,  and  no  other  nitrates  are  found  to  any  extent 
in  nature. 
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It  would  seem  from  what  has  been  set  forth,  that  not  only  is 
the  process  above  described  the  most  valuable  and  revolutionary 
ever  invented  for  the  manufacture  of  white  lead,  but  that  there 
is  not  a  probability  of  any  other  process  taking  its  place,  in  the 
near  future. 

This  new  process  was  invented  in  1892,  by  Arthur  Benjamin 
Brown,  a  chemist  and  mining  engineer  of  Boston.  It  is  to-day 
for  the  first  time  made  public.  The  reason  this  has  not  before 
been  done  is  because  time  was  necessary  to  complete  many 
details  for  production  on  a  large  scale,  and  to  secure  requisite 
patents.  These  are  now  completed,  .and  a  large  company  is 
organized  to  put  the  process  into  practical  operation.  I  propose 
for  this  invention  the  name — The  Brown  Electrolytic  Process. 
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IN  a  report  upon  the  examination  of  the  chlorides  of  zirconium* 
it  was  stated  that  pure  zirconium  tetrachloride  was  formed 
by  the  solution  of  zirconium  hydroxide  in  hydrochloric  acid  and 
repeated  crystallization  from  the  concentrated  acid.  This  state- 
ment was  based  on  a  partial  analysis  by  Linnemann'  the  result 
of  which  made  him  call  the  substance  the  tetrachloride  ;  and  oh 
repeated  partial  analyses  of  my  own  in  which  the  zirconium  present 
was  determined  by  ignition  as  zirconium  dioxide.  So  firmly 
convinced  was  I  of  the  fact  that  this  was  the  normal  tetrachlo- 
ride that  I  determined  to  use  it  in  revising  the  atomic  weight. 
Ten  closely  agreeing  determinations  were  made  and  they  yielded 
as  the  percentage  of  zirconium  dioxide  found  52.99,  or,  calcula- 
ting with  90.62  as  atomic  weight  of  zirconium  (Bailey)  39.16 
per  cent,  of  zirconium.  The  zirconium  in  the  tetrachloride 
amounts  to  38.99  per  cent. 

Bailey  made  several  very  widely  differing  determinations  of 
the  chlorine  in  this  body  and  considered  it  the  oxychloride. 
His  determinations  varied  so  greatly  and  his  mode  of  drying 
were  so  faulty  that  I  simply  concluded  he  was  mistaken,  being 

1  Read  at  the  Springfield  meetingf. 
sy.  Am.  Chem.  Soc.,  1894,  x6,  460-475. 
s  I^ond.  Chem.  News,  53,  333-340. 


HEATING  EFFECTS  OF  COALS.  843 

unable  to  detect  a  source  of  error  in  my  analyses  which'  would 
allow  for  a  change  from  39.16  per  cent,  of  zirconium  to  46.79 
per  cent.,  the  amount  needed  for  the  oxychloride. 

Still,  as  a  necessary  precaution,  I  made  some  determinations 
of  the  chlorine  in  the  pure  crystalline  product  and  was  greatly 
surprised  to  find  only  35.5  per  cent,  of  chlorine  instead  of  61.01, 
the  amount  required  for  the  tetrachloride.  The  percentage  in 
the  oxychloride  would  be  36.63. 

I  regard  the  results  as  very  singular.  The  substance  must 
be  an  oxychloride,  but  what  is  its  composition  ?  The  simplicity 
of  its  preparation  and  the  constancy  of  its  composition  along 
with  its  stability  would  argue  for  a  simple  formula.  No  such 
formula  can  be  calculated  from  the  analysis.  Probably  the  best 
formula  suggested  for  this  oxychloride,  corresponding  closely 
with  the  above  analysis,  is  Zr,(0H),C1^.5H,0. 

Univbrsity  of  North  Carolina, 
August,  1895. 
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COALS.' 
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MANY  determinations  have  been  made  for  the  purpose  of 
comparing  the  heating  effect  of  coals  as  determined  by 
the  calorimeter  with  that  calculated  from  analyses.  Scheurer- 
Kestner,  who  seems  to  have  been  the  first  to  show  that  the 
results  obtained  in  the  two  ways  do  not  agree,  publishes  results 
obtained  with  the  calorimeter  of  Favre  and  Silbermann,  which 
differ,  in  some  cases,  by  ten  per  cent,  from  those  calculated  by 
Dulong's  formula  and  are  uniformly  higher.^  In  a  later  paper^ 
he  states  that  he  finds  lower  results  with  Bertholet's  bomb  but 
still  results  that  differ  from  those  calculated. 

1  Read  at  the  Sprins^field  meeting. 

s  The  work  of  which  this  paper  gives  an  account  formed  the  basis  of  theses  pre- 
sented to  the  faculty  of  the  Rose  Polytechnic  Institute  for  the  degree  of  Bachelor  of 
Science. 

>  Compt.  rend.,  106, 1093, 1160,  1230. 

^  Ibidt  iza,  233. 
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Ferd.  Fischer  claims  repeatedly  in  the  Zeitschriftfurangewandte 
Chemie  and  elsewhere  that  the  cal6rimeter  results  differ  from 
the  calculated  heating  effect,  but  admits  that  the  latter  may 
answer  for  most  technical  purposes. 

Hempel*  states  that  the  results  calculated  from  careful  analy- 
ses do  not  differ  more  than  one  or  two  per  cent,  from  those  of 
the  calorimeter  and  considers  that  larger  differences  sometimes 
found  have  been  due  to  careless  work.  He  gives  six  cases  of 
fair  agreement,  but  one  which  shows  a  difference  of  six  per 
cent. 

Alexejew*  gives  one  case  in  which  the  calorimeter  result  is 
three  and  eight-tenths  per  cent,  higher  than  that  calculated. 

Scheurer-Kestner'  has  compared  the  results  obtained  with 
Thompson's  calorimeter  (burning  with  potassium  nitrate  and 
potassium  chlorate)  with  those  given  by  the  calorimeter  of 
Favre  and  Silbermann  and  finds  a  maximum  difference  of  three 
and  a  half  per  cent.  In  using  Thompson's  method,  however,  he 
applies  a  constant  plus  correction  of  fifteen  per  cent.,  which  F. 
Fischer  criticises  as  very  unreliable. 

W.  Thompson*  describes  a  simple  calorimeter  which  he  has 
devised  and  gives  results  obtained  with  twelve  samples  of  coal. 
In  seven  cases  the  results  are  lower,  in  two  cases  they  are  the 
same,  and  in  three  cases  they  are  higher  than  those  calculated. 
F.  Fischer*  criticises  tuese  results,  saying  that  the  coals  were 
probably  not  completely  burned. 

Barrus  has  described*  a  calorimeter  which  he  appears  to  have 
copied  from  that  of  W.  Thompson. 

C.  V.  John  and  H.  B.  Fuller'  have  made  a  series  of  compari- 
sons of  Berthier's  test  (reduction  of  litharge)  with  the  results 
calculated  f!bm  analyses.  The  latter  give,  in  some  cases,  900 
calories  more  than  the  former. 

So  far  as  we  are  aware,  no  comparisons  of  this  kind  have  been 
made  with  American  coals.     The  work  here  described  was  un- 

1  Ztschr.  angew.  Chem.^  ^Sgi,  393. 

2  Ber.  d.  Chem.  Ges.^  19,  1557. 
>  Compt.  rend.^  106,  941. 

^J.  Soc.  Outn.  Ifui.y  5,  581,  and  8, 535. 
»  Jahrb.  chem.  Tech.,  /^,  9. 
•  Trans.  Mech.  £ng.,  14,  816. 
7  Ztschr.  angew,  Chem.^  18^,  285. 
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dertaken  for  the  purpose  of  comparing  the  results  obtained  with 
HempePs  calorimeter  with  those  calculated  from  analyses  and 
those  obtained  by  Berthier's  test.  Six  specimens  of  representa- 
tive Indiana  coals  were  use^,  as  follows :  Brazil  Block  from 
Brazil,  Lancaster  Block  from  Clay  Co.,  Shelbum  coal  from  Shel- 
bum,  two  samples  from  the  mines  of  the  New  Pittsburg  Coal 
Co.  at  Alum  Cave,  and  a  sample  of  mine  screenings  used  in  the 
shops  of  the  Rose  Polytechnic  Institute.  The  first  two  are 
known  locally  as  ** block**  coals  and  are  non-coking.  The 
others  are  known  as  bituminous  and  are  coking  coals. 

ANAI.YSES. 

The  analyses  were  made  as  follows  : 

1.  Moisture. — One  gram  of  the  coal  was  dried  in  a  toluene- 
bath  (about  105**)  for  one  hour. 

2.  Ash, — The  residue  of  (i)  was  ignited  over  a  Bunsen 
burner,  at  first  with  a  very  low  flame,  till  the  carbon  was  com- 
pletely burned. 

3.  Fixed  Carbon. — One  gram  of  fresh  coal  was  placed  in  a 
covered  platinum  crucible  and  heated  with  the  full  flame  of  a 
Bunsen  burner  for  just  seven  minutes.  The  residue  less  the  ash 
is  the  **  fixed  carbon." 

4.  Volatile  Combustible  Matter. — The  loss  of  weight  in  (3)  less 
the  moisture  is  volatile  combustible  matter. 

The  above  determinations  are,  of  course,  of  no  value  for  the 
calculation  of  the  heating  effect  but  give  some  indication  of  the 
character  of  the  coal. 

5.  Carbon  and  Hydrogen. — About  two- tenths  gram  of  the  coal 
was  burned  in  a  current  of  oxygen  in  a  hard  glass  tube  contain- 

« 

ing  copper  oxide  and  lead  chromate. 

6.  Nitrogen. — This  was  determined  with  soda-lime. 

7.  Sulphur. — Determinations  were  made  by  Eschka's  method, 
using  potassium  carbonate  and  magnesium  oxide,  by  the  method 
of  Carius  and  by  the  use  of  sodium  peroxide,  as  follows  :  -one- 
half  gram  of  the  coal  was  weighed  out  in  a  platinum  dish  hold- 
ing about  fifty  cc.  and  three  grams  of  sodium  peroxide  and  a  little 
waterwere  added.  The  whole  was  evaporated  to  dryness  and  igni- 
ted. After  adding  two  grams  of  sodium  peroxide  and  more  water 
the  evaporation  and  ignition  were  repeated.     The  mass  was  then 
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boiled  with  water,  the  solution  filtered,  acidified,  and  precipi- 
tated as  usual.  The  barium  sulphate  was  purified  by  fusion 
with  sodium  carbonate.  The  results  obtained  by  this  method 
agreed  fairly  well  with  those  obtained  by  Bschka's  method,  but 
the  results  of  Carius'  method  were  mostly  higher.  As  a  com- 
parison of  methods  was  not  part  of  our  plan,  the  average  of  the 
results  obtained  by  Eschka's  method  are  given  in  the  table. 

8.  Oxygen, — In  most  coal  analyses  the  oxygen  has  been  cal- 
culated by  subtracting  the  other  constituents,  including  the  ash, 
from  100.  Where  the  sulphur  is  low  this  introduces  but  a  slight 
error.  But  with  sulphur  so  high  as  in  some  of  these  coals  the 
error  is  quite  appreciable.  The  sulphur  is  mostly  present  in  the 
form  of  pyrites  and  it  has  been  assumed  that  this  is  burned  to 
sulphur  dioxide  and  ferric  oxide.  Accordingly,  for  the  calcu- 
lation bf  the  oxygen,  a  correction  has  been  applied  to  the  ash  by 
adding  to  it  five-eights  of  the  weight  of  the  sulphur  present. 

The  quantities  given  in  the  following  table  are  in  every  case, 
the  average  of  at  least  two  results  obtained  by  different  persons. 
Where  the  agreement  was  not  fairly  close,  a  larger  number  of 
determinations  has  been  made,  and  results  differing  too  far 
from  the  mean  have  been  rejected.  For  the  results  finally  used, 
the  average  variation  from  the  mean  is  0.08  per  cent,  for  carbon, 
and  0.18  per  cent,  for  hydrogen.  These  differences  correspond 
to  a  difference  of  fifty-seven  calories,  or  about  nine-tenths  per 
cent,  of  the  calculated  heating  effect. 

The  heating  effect  is  calculated  for  the  coal  burned  to  vapor 
of  water  by  the  formula  8o8oC  +  288oo(H— |0)+I582Fe^- 
2I62S,  where  C,  Fe,  etc.,  are  the  amount^  of  each  element  pres- 
ent. As  will  be  seen  from  the  table,  the  heating  effect  of  the 
iron  and  sulphur  is  quite  important  in  some  of  these  coals. 

CAI^ORIMETRIC   DETERMINATIONS. 

The  calorimeter  used  was  that  described  by  Hempel.*  The 
powdered  coal  was  compressed  into  cylinders,  through  which  a 
fine  iron  wire  passed.  This  wire  was  weighed,  and  it  was 
assumed  that  it  gave  one-fifth  as  much  heat  by  its  combustion, 
as  the  same  weight  of  coal.     The  autoclave  was  filled  with  oxy- 

^Ztschr.  angew.  CAem.f  1892,  39$^    See  also  Hempel's  Gas  Analysis,  translated  by 
I«.  M.  Dennis. 
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gen,  by  generating  the  gas  from  a  mixture  of  potassium  chlorate 
and  manganese  dioxide.  The  temperatures  were  read  by  mean^ 
of  a  telescope,  the  thermometer  being  graduated  into  fifths. 
The  highest  point  reached  by  the  thermometer,  was  used  for 
the  calculation.  As  the  rise  in  temperature  was  only  abput 
five  degrees,  and  the  same  method  was  used  in  determining  the 
water  equivalent  of  the  calorimeter,  the  error  due  to  radiation 
must  have  been  small.  The  water  used  was  delivered  from  a 
measuring  flask,  and  was  found  by  direct  weight  to  be  997.8 
grams.  The  water  equivalent  of  the  autoclave  and  calorimeter 
was  determined  by  burning  pure  sugar  charcoal  as  directed  by 
Hempel.  Six  determinations  gave  an  average  value  for  the 
whole,  including  the  water  used  of  1337.5  grams,  with  a  proba- 
ble error  of  five  and  nine-tenths  grams  or  0.45  per  cent. 

At  least  three  determinations  were  made  with  each  coal.  The 
average  difference  of  the  values  obtained  from  the  mean  for  a 
given  coal,  was  thirty-two  calories,  or  one-half  per  cent. 

The  water  formed  by  the  combustion  in  the  calorimeter  con- 
denses, of  course,  to  liquid  water,  and,  assuming  that  the  aver- 
age temperature  of  the  calorimeter  is  26°,  a  correction  of  610 
calories  per  gram  of  water  formed  must  be  subtracted  to  find  the 
heating  effect  when  burned  to  vapor  of  water.  The  results  given 
in  the  table  have  been  corrected  in  this  manner. 

BERTHIER'S  TEST. 

This  was  made  as  follows :  One  gram  of  the  coal  was  inti- 
mately mixed  with  forty  grams  of  litharge  and  the  mixture  put 
in  a  Battersea  C  crucible,  seven  and  a  half  cm.  deep,  and  four 
and  a  half  cm.  internal  diameter,  and  covered  with  a  layer  of 
salt.  The  covered  crucible  was  then  placed  in  a  hot  gas  furnace 
and  heated  for  fifteen  or  twenty  minutes.  The  crucible  was  then 
taken  out,  tapped  to  collect  the  lead,  cooled,  broken,  and  the 
lead  button  cleaned  and  weighed. 

Theoretically,  one  gram  of  lead  should  correspond  to  a  heating 
effect  in  the  coal  of  234  calories.  The  results  calculated  with 
this  factor  are,  however,  about  twelve  per  cent,  too  low.  The 
average  of  the  results  obtained,  give  an  empirical  factor  of  268.3 
calories  per  gram  of  lead.  The  results  given  in  the  table  have 
been  calculated  with  this  empirical  factor. 
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At  least  three  fairly  concordant  determinations  were  obtained 
for  each  coal.  A  few  results  differing  from  this  mean  by  more 
than  one-half  a  gram  of  lead  were  rejected.  The  average  differ- 
ence of  the  results  from  the  mean  for  a  given  coal,  was  o.ii 
gram,  which  corresponds  to  twenty-nine  calories  or  about  0.45 
per  cent. 

The  folldwing  table  gives  the  results  of  the  analyses  and  other 
determinations.  The  differences  between  the  other  determina- 
tions and  those  made  with  the  calorimeter  are  given  in  per  cents. 

S        I         £  g 


If        1^         a         a         5         §■ 

^  s  i4  m  (0  (fi 

Moisture 6.83       5.89      12.66       8.98       8.63        2.36 

Volatile  combustible  matter  ••  39.92  42.23  37.44  34*49  38.82  31. 11 

Fixed  carbon 39*93  40.40  47.22  50.30  43.45  42.44 

Ash 13.31  11.48  2.68  6.23  9.05  24.09 

Carbon 62.88  65.26  71.41  70.50  66.86  57.32 

Hydrogen 5.07  5.17  5.56  4.76  5.30  4.56 

Nitrogen i.oi  1.17  1.54  1.36  1.50  1.44 

Oxygen 13.06  13.25  18.42  16.29  15.69  9.93 

Ash  (corrected) 17*98  15.15  3.07  7.09  10.65  26.75 

Sulphur 7.46  5.88  0.62  1.39  2.57  4.25 

Iron,  calculated  6.53  5.14  0.54  1.22  2.25  3.72 

Calories  per  gram,  calc*ted    C  5081.  5272.  5770.  5696.  5402.  4632. 

"          **        **          **          H    991.  loii.  939.  784.  962.  956. 

"          **           S    161.  127.  13.  30.  55.  92. 

Fe    103.  81.  9.  19.  36.  59. 

Total  6336.  6491.  6731.  6529.  6455.  5739. 

Difference,  per  cent •  -I-2.6  4-1*2  +0.4  — ^4.6  — 1.2  — 1.2 

Calories  per  gram,  Berthier*s 

test,  factor  268.3 6307.  6471.  6831.  6689.  6461.  5726. 

Difference,  per  cent +2.1  -ho.9  -|-i*9  — 2.3  — i.i  — 1.4 

Calories  per  gram,  calorimeter  6175.  6415.  6703.  6846.  6532.  5806. 

In  discussing  the  results,  it  is  worth  while  to  notice  that,  so 
far  as  indicated  by  the  agreement  of  duplicate  determinations, 
about  the  same  degree  of  uncertainty  attaches  to  the  calorimet- 
ric  determinations  and  to  the  litharge  test,  while  the  uncertain- 
ty of  the  analysis  is  about  twice  as  great.  It  is  noticeable  that 
the  results  calculated  from  the  analyses,  and  those  given  by 
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Berthier's  test,  agree  better  with  each  other  than  either  agree 
with  the  calorimeter  results. 

On  the  average  Berthier's  test,  when  the  empirical  factor  is 
used,  appears  to  be  more  reliable  than  the  results  calculated 
from  the  analyses. 

While  the  differences  between  the  results  obtained  by  differ- 
ent methods  are  not  very  great,  they  are  certainly  greater  than 
can  be  accounted  for  by  the  errors  of  the  work.  In  the  case  of 
two  of  the  most  important  coals,  the  Lancaster  and  Brazil  black, 
the  relative  value  of  the  coals  as  given  by  the  calorimeter,  is 
reversed  as  given  by  the  analyses  and  by  Berthier*s  test.  There 
can  be  little  doubt  that  the  calorimeter  gives  most  accurately 
the  relative  heating  value  of  these  coals. 

Attempts  to  make  determinations  with  anthracite  coals  were 
unsuccessful,  because  it  was  found  impossible  to  compress  it  into 
cylinders,  and  we  have  not  yet  been  able  tp  bum  it  in  the  form 
of  a  powder. 

Some  attempts  have  also  been  made  to  use  the  calorimeter  of 
Barrus,'  but  a  deposit  of  carbon  was  always  formed,  and  the 
results  appeared  to  be  entirely  unreliable.  It  is  probable  that 
the  results  would  be  more  satisfactory  with  anthracite  coals. 

Ter&b  Hautb, 
Indiana. 
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By  Cabell  Whitehead. 

Received  Sept.  9, 1895. 

TELLURIUM  which  a  few  years  ago  was  classed  as  a  rare 
metal,  is  ncfw  known  to  be  distributed  over  a  very  wide  area, 
not  only  in  our  western  states,  but  also  in  the  gold  producing  states 
of  the  east.  It  occurs  in  the  free  state,  and  also  combined  with 
gold,  silver,  bismuth  and  many  other  metals.  In  the  state  of 
Colorado,  tellurium  is  found  in  combination  with  gold  and  silver 
to  such  an  extent,  that  the  ores  in  many  districts  are  rendered 
unfit  for  amalgamation,  and  smelting  and  chlorination  has  to  be 
resorted  to.     The  separation  of  silver  and  gold  from  low  grade 

1  Trans.  Mech.  Bng.,  14,  816.       See  als    W.  Thompson,  loc.  cii. 
s  Read  at  the  Springfield  meeting 
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telluride  ores,  is  a  problem  which,  up  to  the  present  time,  has 
baffled  the  skill  of  the  metallurgists  of  the  world.  A  few  of  the 
difficulties  may  be  mentioned  as  follows :  Tellurides  do  not  give 
up  their  gold  to  mercury,  cyanide  or  chlorine,  they  concentrate 
badly,  a  large  percentage  of  the  value  being  lost  as  slimes. 
They  are  difficult  to  roast,  on  account  o7  their  low  melting-point 
and  the  loss  of  gold,  during  the  removal  of  the  tellurium.  The 
usual  course  is  to  smelt  this  class  of  ore  either  with  lead  or  cop- 
per ores.  It  is  to  the  latter  method  I  will  call  especial  attention 
in  this  paper. 

In  order  to  work  the  copper  ores  of  the  west  economically, 
they  are  smelted  with  gold  and  silver-bearing  ores  which  act  as 
flux,  and  also  enrich  the  matte  produced  to  a  point  where  the 
cost  of  refining  the  copper  is  more  than  covered  by  the  value  of 
the  precious  metals  contained.  In  this  >way  large  amounts  of 
tellurium  enter  the  matte.  These  mattes  are  Bessemerized  in 
the  wes^,  and  copper  brought  east  to  be  refined  by  electrolysis. 
It  contains  from  98.5  to  99.5  per  cent,  copper,  about  100  ounces 
of  silver,  and  three-tenths  ounce  of  gold  per  ton.  The  impuri- 
ties are  arsenic,  antimony,  lead,  bismuth,  tellurium  and  selen- 
ium. The  average  amount  of  tellurium  is  not  far  from  0.04  per 
cent,  or  0.8  of  a  pound  per  ton.  With  the  possible  exception 
of  the  native  copper  of  Lake  Superior,  it  is  doubtful  if  any 
copper  produced  is  free  from  tellurium ;  this  is  certainly  true  of 
that  from  sulphide  ores.  I  have  already  described  a  method 
for  estimating  the  tellurium  under  these  circumstances.* 

The  electric  refining  of  such  copper  is  carried  on  at  Anaconda 
and  at  the  Boston  and  Montana  Copper  Co  .works  at  Great  Falls, 
Montana;  the  Baltimore  Electric  Refining  Co., 'Baltimore,  Mary- 
land; the  Bridgeport  Copper  Co.,  Bridgeport,  Conn.,  and  the 
Ansonia  Refining  Co.,  Ansonia;  Connecticut ;  the  Central  Falls 
Electric  Refining  Co.,  Central  Falls,  Rhode  Island  ;  the  Wash- 
burn and  Moen  Co.,  Worcester,  Mass.  and  perhaps  others. 

In  the  Hayden  process  a  bath  of  dilute  copper  sulphate,  acid- 
ified with  sulphuric  acid  is  employed,  in  which  is  inserted  an 
anode  of  rolled  black  copper  and  a  cathode  from  a  strip  of  pure 
copper,  each  being  connected  with  the  electric  generator,  while 

ly.  Am.  Chem.  Sac.,  17,  280,  iSgs. 
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disconnected  plates  of  black  copper  are  suspended  in  the  bath 
between  the  two  electrodes.  When  the  current  is  on,  solution 
takes  place,  not  only  at  the  anode  but  on  all  the  disconnected 
plates  interposed  between  the  electrodes,  and  what  is  more  inter- 
esting, this  solution  takes  place  on  those  surfaces  of  these  plates 
which  face  the  negative  electrode,  while  the  deposition  of  the 
pure  copper  takes  place  on  the  surface  of  the  adjacent  plate  which 
faces  the  positive  electrode.  When  the  copper  goes  into  the  so- 
lution in  its  bath  small  amounts  of  some  of  the  impurities  in  the 
copper  enter  into  solution  with  it,  but  the  greater  portion  remains 
either  in  the  metallic  state  or  are  converted  into  oxides  or  basic 
salts  which  fall  to  the  bottom  of  the  bath  where  they  form  a  black 
slimy  residue. 

The  commercial  refining  of  these  residues  is  carried  out  as  fol- 
lows: 

After  screening  out  the  coarser  copper,  the  slimes  are  boiled 
with  a  twenty  per  cent,  solution  of  sulphuric  acid  in  a  lead-lined 
tank  by  live  steam,  air  being  drawn  in  with  the  steam  by  means 
of  a  peculiar  injector.  During  this  boiling,  practically  all  of  the 
antimony,  arsenic  and  bismuth  salts,  together  with  copper  in  the 
oxidized  condition  and  that  small  portion  of  metallic  copper 
which  has  been  oxidized  by  the  injected  air  go  into  solution. 

After  about  one  hour's  boiling,  a  solution  of  silver  sulphate  is 
run  in  and  steam  applied  for  some  minutes  whereby  according  to 
the  reaction  Cu+Ag,SO^=  CuS0^4- Ag„  the  metallic  copper 
still  remaining  is  rapidly  and  completely  converted  into  copper 
sulphate.  Any  excess  of  silver  sulphate  is  removed  by  the  addi- 
tion of  a  fresh  portion  of  slimes,  when  the  solution  is  drawn  off 
and  the  residue  washed  until  free  from  copper  salts.  This  resi- 
due, which  has  now  lost  the  slimy,  adhesive  properties  which 
characterized  it  and  which  consists  of  gold,  silver,  tellurium,  and 
lead  sulphate  is  pressed  on  a  filter  press.  The  pressed  cakes  are 
dried  in  an  oven  and  then  melted  in  a  furnace,  having  a  bed 
made  of  Portland  cement,  which  is  so  arranged  that  a  blast  may 
be  turned  on.  This  quickly  removes  all  but  a  trace  of  the  lead 
present,  together  with  portions  of  the  tellhrium  and  selenium. 

The  resulting  bullion  is  poured  into  shoe-bars,  weighing  about 
300  ounces  each,  it  is  about  950  fine,  in  silver  and  ten  parts  of 
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gold.  When  cool  these  bars  are  dissolved  in  hot  sulphuric  acid, 
in  a  cast  iron  kettle,  and  when  solution  is  complete  the  liquid  is 
allowed  to  cool  and  settle  for  several  hours,  during  which  the 
gold  falls  to  the  bottom  and  the  tellurium  crystallizes  out  in  white 
lustrous  crystals  of  tellurous  oxide.  The  first  portion  of  the 
clear  liquid  is  drawn  off  and  precipitated  by  metallic  copper,  and 
the  silver  melted  into  bars  990  fine.  The  remainder  is  used  in 
treating  a  fresh  portion  of  the  slimes. 

The  gold  and  the  tellurous  oxide  are  allowed  to  accumulate  in 
the  kettle  until  several  hundred  ounces  are  at  hand,  when  they 
are  removed  and  washed  with  dilute  sulphuric  acid  and  water,  to 
remove  silver,  copper  sulphate  and  tellurous  oxide,  and  after- 
wards boiled  in  a  small  kettle  with  concentrated  sulphuric  acid 
to  remove  the  remaining  portion  of  silver  and  tellurium.  When 
cool,  and  the  gold  has  settled,  the  acid  is  again  drawn  off  and 
the  residue  washed  until  free  from  tellurium  and  silver  sulphates. 
The  gold  is  now  melted  with  borax  and  niter,  by  which  any  re- 
mainifig  traces  of  lead  and  tellurium  are  oxidized  and  slagged 
off,  leaving  fine  gold,  over  990  fine,  the  impurity  being  silver. 

The  washings  from  the  gold  residue  contain  the  tellurium  as 
tellurous  oxide  or  tellurous  sulphate.  The  tellurium  may  be 
obtained  from  these  in  two  ways,  after  the  removal  of  the  silver 
as  chloride.  First,  by  precipitation  with  copper;  second,  by 
passing  sulphur  dioxide  through  the  solution.  It  is  better  to 
use  the  first  method,  as  large  quantities  of  sulphur  dioxide  are 
very  disagreeable  to  handle,  and  as  the  tellurium  thus  precipi- 
tated in  the  presence  of  copper  is  not  pure  and  requires  a  further 
treatment.  The  metal  used  in  this  work  was  produced  by 
inserting  bars  of  copper  into  the  solution  and  boiling  with  steam, 
a  precipitate  of  cuprous  telluride  being  obtained  as  a  black 
powder.  Thi^  was  dried  and  then  boiled  with  a  five  per  cent, 
solution  of  sulphuric  acid  to  remove  the  copper  which  had  been 
oxidized  during  the  drying  process.  After  filtering,  the  mass  is 
again  moistened  with  five  per  cent,  sulphuric  acid  and  subjected 
to  atmospheric  oxidation  with  frequent  stirring,  then  boiled 
again  with  more  sulphuric  acid  and  washed ,  this  process  is 
repeated  until  the  copper  is  eventually  very  completely  removed. 
Any  copper  left  will  combine  with  tellurium  when  fused  and 
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cause  loss.  The  residue  is  now  dried,  mixed  with  three  times 
its  weight  of  sodium  carbonate,  and  one-fourth  its  weight  of 
charcoal,  melted  in  a  French  clay  crucible  to  quiet  fusion, 
brought  almost  to  a  white^heat,  and  the  melt  poured  into  a  suita- 
ble mold.  The  cooled  mass  is  crushed  to  a  powder  and  the 
sodium  telluride  formed,  dissolved  out  with  boiled  water;  a  great 
amount  of  heat  is  developed  during  the  solution.  The  solution 
thus  produced,  which  psssesses  a  rich  port  wine  color,  is  filtered 
off,  and  the  tellurium  precipitated  in  the  metallic  state,  by  the 
passage  of  a  current  of  air,  as  a  fine  gray  powder,  looking  not 
unlike  finely  powdered  galena.  The  tellurium  is  filtered  and 
boiled  with  dilute  hydrochloric  acid,  to  remove  traces  of  iron, 
alumina,  etc.,  washed  and  boiled  for  several  hours,  with  a  con- 
centrated solution  of  potassium  cyanide  which  removes  selenium 
and  most  of  the  gold  present.  After  drying,  the  tellurium  is 
melted,  without  flux,  in  a  French  clay  pot,  the  fine  particles  are 
made  to  run  together  by  stirring,  only  a  low  temperature  is 
necjessary  and  the  loss  by  volatilization  is  small.  The  metal 
still  contains  traces  of  impurities,  the  chief  of  which  is  gold. 
This  would  indicate  that  sodium  telluride  is  a  solvent  of  metallic 
gold,  but  this  has  not  yet  been  proven.  The  tellurium  is  further 
purified  by  distillation  in  hydrogen  gas. 

NEW   REACTIONS  OF  THE   SALTS  OF   TELLURIUM. 

If  to  a  solution  of  the  sodium  or  potasium  tellurite  is  added  a 
solution  of  an  ammonium  salt,  such  as  the  chloride  or  nitrate, 
a  white  precipitate  is  thrown  down,  which  on  boiling  becomes 
granular. 

Na,TeO,  +  2NH,C1  =  2NaCl+ TeO,-f  2NH,+H,0. 

A  small  amount  of  tellurium  dioxide  or  a  metal  which  can  be 
precipitated  by  sulphur  dioxide  remains  in  solution.  It  is  the 
intention  of  the  writer  as  soon  as  possible  to  examine  and  compare 
the  properties  of  the  metal  from  this  fractional  precipitation. 
While  it  is  probable  that  tellurium  oxide  is  slightly  soluble  in 
the  alkali  salts  formed,  which  would  explain  incomplete  precipi- 
tation, in  view  of  the  growing  belief  in  the  compound  nature 
of  tellurium,  this  reaction  is  deemed  worthy  of  further  inves- 
tigation. 

In  an  effort  to  purify  tellurium,  based  upon  the  well-known 
property  of   hydrogen  telluride  of   precipitating  many  of  the 
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metals  from  solution,  the  following  reaction  was  observed,  iir 
addition  to  the  one  expected:  TeCl,+  2H,Te  =  3Te  +  4HCl. 
By  passing  this  gas  for  some  time  into  a  solution  of  tellurium  chlor- 
ide, made  slightly  acid  with  hydrochloric  acM,  there  was  obtained 
a  precipitate  of  tellurium  and  tellurides  and  a  solution,  from  which 
sulphur  dioxide  threw  down  a  precipitate  of  tellurium.  After 
distillation  in  hydrogen  I  propose  to  determine  the  atomic  weight 
of  this  purified  metal. 

When  potassium  ferrocyanide  is  added  to  tellurium  chloride 
no  change  is  observed  at  first  but  after  a  few  hours  Prussian 
blue  is  formed  in  large  quantities. 

AI.UMINUM  TEI.I*URIDE. 

Tellurium  when  heated  with  aluminum  combines  with  explo- 
sive violence,  forming  a  chocolate  colored,  difficultly  fusible  com- 
pound having  the  following  composition  by  analysis. 

Per  cent. 

Aluminum 12.78 

Tellurium 87.22 


icx>.oo 
This  corresponds  closely  to  the  formula  Al,Te,  which  requires 

Per  cent. 

Aluminum 12.58 

Tellurium 87.42 


100.00 
The  violent  chemical  action  attending  its  formation,  joined 
with  the  fact  that  its  composition  remains  constant,  even  in  the 
presence  of  a  large  excess  of  aluminum,  would  indicate  a  true 
chemical  combination  and  not  an  alloy,  in  the  accepted  sense* 
It  is  hard  and  brittle,  can  be  easily  ground  to  powder.  When 
exposed  to  moist  air  it  is  slowly  decomposed  with  the  liberation 
of  hydrogen  telluride.  When  thrown  into  water  hydrogen  tel- 
luride  is  rapidly  given  off  according  to  the  following  reaction : 
Al,Te,  +  3H,0  =  Al,0,+3H,Te  which  corresponds  to  the  well 
known  sulphur  reaction  A1,S, + 3H,0  =  A1,0,  +  3H,S.  While 
comparing  these  two  reactions  it  may  be  noted  that  hydrogen 
telluride  is  much  more  easily  decomposed  by  oxygen  than  hydro- 
gen sulphide.     For  example  in  treating  aluminum  telluride  with 
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water  which  has  not  been  boiled  fully  one-half  of  the  tellurium 
.remains  as  metal :  H,Te+0  =  H,0-f-Te.  When  treated  with 
ninety-five  per  cent,  alcohol  no  reaction  takes  place,  even  on 
boiling.  This  would  seem  to  be  the  best  one  of  the  tellurides 
from  which  to  make  the  organic  salts  as  it  does  not  decompose 
in  the  air  so  quickly  as  the  alkali  tellurides. 

•  SEPARATION  FROM  COPPER  BY  THE  EI.ECTRIC  CURRENT. 

Tellurium  is  easily  deposited  by  the  current,  either  from  acid 
or  alkaline  solutions ;  even  the  feeblest  current  throws  out  the 
metal,  but  unfortunately  not  in  the  reguline  state. 

It  has  been  found  possible  to  separate  tellurium  fron  copper  by 
adding  an  excess  of  sodium  hydroxide  and  about  three  grams 
of  potassium  cyanide  for  each  gram  of  copper  present.  With 
this  solution,  a  current  such  as  is  used  fo;-  depositing  copper, 
will  throw  out  all  the  tellurium  present,  as  a  black  non-ad- 
herent precipitate.  After  twelve  hours,  the  tellurium  is  filtered 
ofif  and  weighed,  either  as  metallic  tellurium  on  a  weighed  filter 
or  as  tellurium  dioxide.  The  solution  is  now  made  slightly  acid 
with  sulphuric  and  the  copper  precipitated  in  the  usual  way.  If 
the  proper  amount  of  potassium  cyanide  has  been  added  and  the 
current  has  not  been  allowed  to  run  too  long,  the  tellurium  is 
perfectly  free  from  copper,  and  if  the  current  is  strong  enough, 
none  of  it  will  adhere  to  the  cathode. 

Columbian  University,  Washington,  D.  C. 
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INTRODUCTION. 

IT  was  shown  some  time  ago  by  Noyes  and  Clement*  that 
nitrobenzene  in  sulphuric  acid  solution  is  transformed  by 
electrolytic  hydrogen  into  paraamidophenolsulphonic  acid.  It 
has  since  been  proved  by  the  extended  investigations  of  Gatter- 
mann  and  his  students*  that  this  behavior  is  characteristic  of 
aromatic  nitro  compounds  in  general,  one  of  the  oxygen  atoms 

1  Read  at  the  Springfield  meeting. 
3  Ber,  d.  ckem,  Ges.^  a6,  990. 
s  IHd^  a6, 1844, 2810 ;  ay,  1927. 
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of  the  nitro  group  always  migratit^  during  the  reduction  to  the 
para  position  with  the  production  of  a  hydroxy  1  group.  It  is 
evident,  however,  that  this  cannot  take  place  when  the  position 
para  to  the  nitro  group  is  occupied  by  another  element  or  group 
than  hydrogen.  The  purpose  of  our  investigation  was  to  deter- 
mine the  nature  of  the  reduction-products  of  a  number  of  such 
compounds  with  the  view  of  ascertaining  any  general  principle 
that  may  exist.  Only  three  such  para  compounds  have  been 
previously  studied,  namely,  paranitrotoluene  and  paranitroortho- 
toluidine  by  Gattermann*  and  paranitrobenzoic  acid  by  Noyes 
and  Clement.*  We  have  now  investigated  three  additional 
ones,  paranitraniline,  paranitrophenol,  and  parachlomitroben- 
zene. 

THE  METHOD  OF  REDUCTION. 

The  method  of  carrying  out  the  reduction  was  essentially  the 
same  in  all  cases.  The  apparatus  consisted  of  a  small  beaker, 
to  the  sides  of  which  a  large  platinum  electrode  was  closely 
fitted,  and  in  which  was  placed  a  cylindrical  porous  cup  con- 
taining a  small  platinum  electrode.  Concentrated  sulphuric 
acid  was  placed  within  the  cup  at  the  start,  and  small  quantities 
of  diluted  acid  were  occasionally  added  during  the  electrolysis 
to  prevent  the  acid  from  becoming  fuming.  The  solution  to  be 
electrolyzed  was  placed  outside  ;  it  was  prepared  by  dissolving 
twenty  or  thirty  grams  of  the  substance  in  two  and  a  half  to 
three  times  its  weight  of  strong  sulphuric  acid.  A  current  of 
one  or  two  amperes  was  passed  through  for  forty  or  fifty  hours. 

The  reduction-product  precipitated  either  during  the  electroly- 
sis or  after  cooling.  It  was  filtered  out  upon  a  hardened  filter 
with  the  aid  of  suction  and  dried  by  spreading  on  porous  plates. 
The  filtrate  was  diluted  with  an  equal  bulk  of  water,  and  any 
further  precipitate  added  to  the  original  one.  The  subsequent 
purification  varied  in  the  different  cases,  and  will  be  described 
under  the  separate  substances. 

REDUCTION  OF  PARANITRANIUNE. 

The  paranitraniline  used  was  in  part  a  itahlbaum  preparation 
and  was  in  part  prepared  by  ourselves  by  the  method  given  by 

1  Ibid.  a6, 1850, 1852. 
^Am.  Chem.J.^  16,  5x1. 
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Nolting  and  Collin.'     It  gave  the  correct  melfing-point  of  146**. 

The  reduction-product  was  isolated  by  extracting  the  precipi- 
tate dried  on  the  porous  plates  with  boiling  water,  boiling  the 
solution  with  animal  charcoal,  filtering,  and  causing  to  crystal- 
lize by  cooling. 

It  was  found  to  consist  of  paradiamidobenzene  sulphate.  It 
was  very  difficultly  soluble  in  cold  water.*  Its  solution  was 
colored  purple  by  ferric  chloride,  and  it  gave  the  following 
results  on  analysis : 

0.2193,  0.2847,  and  0.3581  gram  substance  gave  respectively 
0.0985,  0.1262,  and  0.1638  gram  water  and  0.2822,  0.3672,  and 
0.4605'  gram  carbon  dioxide. 

0.3147,  0.2077,  0-3938,  and  0.4525  gram  substance  gave 
respectively  0.3481,  0.2340,  0.4363,  and  0.5066  gram  barium 
sulphate. 

Pound.  Calculated  for 

I.  II.  III.  IV.  C,H,oNjS04. 

Carbon 35.10        35.18        35.08         34.94 

Hydrogen 4.99         4.92         5.08  4.85 

Sulphur  trioxide  38.32        38.68        38.04        38.44  38.84 

REDUCTION   OP  PARANITROPHKNOI,. 

A  sample  of  the  substance  from  Kahlbaum  having  the  correct 
melting-point  (113*)  was  employed. 

The  reduction-product  was  practically  insoluble  even  in  boil- 
ing water,  but  dissolved  readily  in  sodium  hydroxide  or  carbon- 
ate. It  was  purified  by  dissolving  in  the  latter,  filtering,  and 
precipitating  immediately  with  hydrochloric  acid.  The  precipi- 
tate was  washed  successively  with  water,  alcohol,  and  ether, 
and  dried  at  125®.  Twelve  grams  were  obtained  from  thirty 
grams  of  nitrophenol. 

The  physical  and  chemical  properties  and  the  analysis  of  the 
body  established  its  identity  as  paraamidophenolsulphonic  acid. 
It  reduced  silver  nitrate  solution  in  the  cold  with  the  production 
of  a  purple  color,  and  turned  brown  rapidly  in  alkaline  solution 
owing  to  oxidation.     It  was  decomposed  by  heating  with  strong 

1  B£r.  d.  chem.  Ges.^  17,  262. 

s  Contradictory  atatementa  exiat  in  the  literature  aa  to  the  solubility  of  this  salt. 
Nietaki,  in  Ber.  d,  chem.  Ges.,  xx,  1098,  states  that  it  ia  readily  soluble.  Vignon,  in  Bull, 
Soc.  CAim.,  50, 153,  that  it  requires  714  parta  of  water  at  15*.  The  latter  statement  is,  ac- 
cording to  our  experience,  the  correct  one. 
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hydrochloric  acid  "in  a  closed  tube  to  180**;  the  hydrochlorate  of 
the  base  crystallized  out  upon  cooling,  and  from  this,  by  the 
addition  of  potash,  the  base  itself  was  set  free.  Like  paraamido- 
phenol,  it  melted  at  183°,  undergoing  decomposition.  It  also 
showed  the  characteristic  color  reactions  of  that  substance  with 
chloride  of  lime  and  ferric  chloride. 

The  analysis  of  the  sulphonic  acid  gave  the  following  results : 
0.2361  gram  substance  gave  0.0879  gram  water  and  0.3295 
gram  carbon  dioxide. 

Calculated  for 
Found.  C«H,.NH,.OH.SO,H. 

Carbon 38.06  38.08 

Hydrogen 4.13  3.70 

REDUCTION  OP  PARACHLORNITROBENZENE. 

A  Kahlbaum  preparation  (melting-point  83**)  was  employed 
in  this  case  also.  The  reduction-product  proved  to  be  a  sul- 
phonic acid,  and  was  purified  exactlj'^  as  that  obtained  from  the 
reduction  of  nitrophenol.  It  was  first  tested  qualitatively  for 
chlorine  and  found  to  contain  none.  It  exhibited  in  fact  all  the 
characteristic  properties  of  paraamidophenolsulphonic  acid, 
being  almost  insoluble  in  hot  water,  oxidizing  very  rapidly  in 
alkaline  solution,  and  readily  reducing  silver  nitrate  solution. 
It  was  subjected  to  just  the  same  treatment  as  the  reduction- 
product  of  the  nitrophenol  with  identical  results.  In  addition 
to  the  confirmatory  tests  described  under  that  substance,  the 
diacetyl  derivative  of  the  base  was  prepared  by  boiling  with 
acetic  anhydride,  and  this  was  found  to  melt  at  149''.  Diacetylr 
paraamidophenol  melts  according  to  Ladenburg  at  150^-151°  C. 
The  sulphonic  acid  gave  the  following  results  on  analysis : 
0.2912  gram  substance  gave  0.1002  gram  water  and  0.4059 
gram  carbon  dioxide. 

Calculated  for 
Pound.  CeH,.KH,.OH.S0aH. 

Carbon 38.02  38.09 

Hydrogen 3.90  3.70 

SUMMARY  OF  THE  RESULTS. 

The  paranitro  compounds,  which  up  to  the  present  time  have 
been  submitted  to  electrolytic  reduction  are  tabulated  below 
together  with  their  reduction-products  : 
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^•^*^CH.  (4)  ^•^*^CH,OH  (4) 
/NO.  (I)  /NH,  (I) 

C.H-CH.  (4)  C.H,<gg    jjj 
^NH.(5)  ^NH,  (5) 

^•^4^C0,H  (4)  ^•^*^0H    (4) 

PH^NO,  (I)  pjj^NH.(i) 

^•^*^C1      (4)  ^'^^^OH    (4) 

PH^NO,  (I)  p„^NH.  (I) 

^.^4<^OH   (4)  ^-^^^OH    (4) 

PH^NO,  (I)  ^jj^NH,  (I) 

^.W4<.NH,  (4)  ^'^^^NH,  (4) 

The  most  striking  of  the  results  are  those  obtained  with  the 
paramitrobenzoic  acid  and  with  the  parachlornitrobenzene,  the 
group  para  to  the  nitro  group  being  driven  out  in  each  case. 
It  seems  not  improbable  that  this  behavior  is  a  general  charac- 
teristic of  nitro  compounds  with  negative  para  groups,  but  an 
investigation  of  others  would  be  needed  in  order  to  establish  it 
as  a  fact. 

It  is  also  worthy  of  note  that,  contrary  to  what  might  be  ex- 
pected, in  only  one  of  the  vsix  cases,  that  of  the  nitrotoluidine, 
does  the  oxygen  atom  display  any  tendency  to  migrate  to  any 
other  than  the  para  position. 


Massachusetts  Ixstitutr  of  Technology, 
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PYRIDINE  ALKYI,  PERIODIDES. 

I.  Pyridine  Methyl  Pentiodide, — This  was  obtained  in  the  man- 
ner given  in  detail,  below,  very  satisfactorily  in  preparation  I, 
and  with  slight  impurity  in  two  other  preparations,  II  and  III, 
by  different  ways,  through  separation  from  other  periodides. 

1  The  substance  isotated  was  a  condensation-product  of  this  with  a  second  molecule 
of  nitrotoluene ;  but  this  is  undoubtedly  the  primary  reduction-product. 

s  Read  at  the  SpringAeld  meeting  of  the  American  Association  for  the  Advancement 
of  Science,  September  3, 1895. 
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Preparation  I  is  in  greenish-black  long  needles  of  very  dark 
green  luster,  some  of  the  crystals  being  nearly  two  inches  in 
length.     The  melting-point  is  47.5°  C/ 

Preparation  II  is  of  small  quantity,  in  greenish-black  crystals, 
very  hard  and  compact,  melting  at  47**  C. 

Preparation  III  is  in  crystals  exactly  like  I,  melting  at  47" 
C,  by  recrystallization  in  alcohol  from  a  greenish-black  crystal- 
line powder,  the  latter  being  stable  and  melting  at  43°  C.  The 
analysis  of  III  was  obtained  only  from  this  powder,  before  the 
final  crystallization.  These  three  preparations  are,  alike,  so  far 
stable  that  after  keeping  eight  months  in  glass-stoppered  bottles, 
most  of  the  time  in  the  dark,  the  glass  is  but  just  perceptibly 
stained  with  iodine  liberated  from  decomposition. 

The  analyses  of  the  methyl  pentiodide,  by  methods  detailed 
further  on,  gave  results  as  follows : 


Calculated  for 
CftHftN.CH,I.l4. 

Iodine  total 87  06 

I. 
86.74 
68.87 

Found. 
II. 

■  •  •  • 
69.83 

III. 
86.69 

69.55 

Iodine  by  titration  -  •  •  •  69.65 

2.  Pyridine  Methyl  Diiodide,  —  Obtained  through  different 
ways,  as  stated  later,  in  two  preparations.  I  is  in  reddish- 
brown  crystals,  thick  plates,  compact  in  clusters.  Some  crys- 
tals are  an  inch  long  and  a  fourth  of  an  inch  wide.  Melting-point, 
91.5®  C.  The  crystals  are  very  stable.  On  eight  months* 
standing  there  are  no  perceptible  results  of  decomposition.  II 
is  in  red  interlaced  fine  needles  of  good  length,  the  last  previous 
crystallization  having  been  in  dark-red  sheaf-form  clusters  of 
great  beauty.  Melting-point,  91.0°  C.  In  stability  II  is  equal 
to  I. 

The  analyses,  with  duplicates  as  specified  later,  gave  the  fol- 
lowing : 

Calculated  for  Pound. 

CftH»N.CH,I.I.  I.  II. 

Iodine  total 72.91  72.88  72.33 

Iodine  by  titration 36.55  3^.97  36.40 

3.  Pyridine  Methyl  Triiodide, — Obtained  in  three  preparations, 
each  from  a  separate  recrystallization  out  of  a  common  mother- 

1  Measurements  of  the  crystals,  and  various  optical  determinations,  as  well  as  work 
by  other  physical  methods,  especially  such  as  bear  upon  molecular  weight  and  consti' 
tution,  are  reserved  together  for  a  continued  investigation  of  these  bodies. 
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liquor,  that  of  II  of  the  methyl  diiodide.  Again  it  is  obtained 
in  the  first  crystallization  by  another  method,  that  for  IV.  I 
is  in  dark-red  fine  needles,  quite  perfect  in  outline  and  partly 
clustered  in  certain  sheaves  characteristic  of  the  earlier  crystal- 
lizations of  this  triiodide.  Melting-point,  50°  C.  Perfectly 
stable. 

II  shows  dark-red  needles,  the  previous  crystallization  having 
been  merely  a  loose  crystalline  mass.  Obtained  perfectly  stable, 
with  melting-point  of  50**  C. 

III  is  dark-red  needle  clusters  of  a  certain  exact  sheaf-form 
appearing  illusively  in  several  earlier  crystallizations.  But  a 
small  quantity  was  obtained,  with  a  melting-point  of  49*^-50°  C. 

IV,  perhaps  the  most  perfect,  is  in  very  dark  red  or  reddish- 
black  plates  with  needles,  perfectly  stable,  and  melting  at  48**  C. 
.  The  results  in  analysis  have  been  these  : 

Calculated  for  Pound. 

CsHgN-CH,!.!,.  I.  II.  III.  IV. 

Iodine  total 80.14  79*32    79.22      ....     78.70 

Iodine  by  titration 53.43  53.08    51.52    52.75     53.15 

4.  A  product  was  obtained  of  seeming  distinct  character,  in 
composition  and  melting-point  nearly  approaching  the  pent- 
iodide,  but  with  the  elemental  figures  of  a  tetrapentaiodide, 
that  is,  dipyridinedimethylenneaiodide.  It  is  reserved  for  further 
work.  It  is  in  greenish-black,  lustrous,  long  needles,  well 
defined,  of  a  melting-point  of  44**  C.  The  total  iodine  in  three  suc- 
cessive determinations  was  found  to  be,  respectively,  85.83, 
85.88,  and  85.83  per  cent.  ;  calculation  for  (C,H,N.CH,I)J, 
giving  85.68  per  cent.,  and  for  C^HjN.CH.I.I,,  87.06  per  cent. 
The  iodine  by  titration  was  found  to  be  67.52,  67.08,  67.02,  and 
66.69  J  calculation  giving  for  these  formulas,  respectively,  66.45 
and  69.65  per  cent. 

5.  Pyridine  Methyl  Odaiodide, — This  product  is  named  pro- 
visionally, one  fairly  satisfactory  preparation  of  it  being  obtained, 
a  second  preparation  having  the  requisite  composition  but  (pos- 
sibly from  its  more  compact  crystallization)  having  a  higher 
melting-point,  and  a  third  preparation,  while  agreeing  in  melting- 
point  with  the  first,  falling  too  low  in  percentages  of  iodine.  The 
preparation,  detailed  below,  was  instituted  in  the  hope  of  obtain- 
ing the  enneaiodide.     I,  by  recrystallization  from  alcohol  below 
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o""  C,  is  greenish-black,  in  both  plates  and  needles,  melts  at 
about  26**  C,  and  is  fairly  stable  when  kept  at  about  15°  C.  or 
below.  II  is  in  crystals  of  the  same  color  as  those  of  I,  but 
more  slowly  formed  and  more  compact,  consisting  of  flat  needles, 
some  of  them  an  inch  long,  with  melting-point  of  about  41**  C. 
Ill  was  imperfectly  crystallized,  rather  solidified  in  a  crystalline 
mass,  of  the  color  of  I,  and  melting  at  25°  C.  We  do  not 
include  III  among  the  determinate  preparations.  It  gave  of 
total  iodine,  90.36  per  cent.,  and  of  iodine  by  titration  78.41  per 
cent.,  both  figures  being  low  for  the  octaiodide  and  much  too 
high  for  the  heptaiodide. 

Calculated  for  Fonad. 

C»H»N.CH,I.I,.  I.  II. 

Total  iodine 9i-5i  90'79  90.99 

Iodine  by  titration 80.07  79*82  80.13 

6.  Pyridine  Ethyl  Triiodide, — Obtained,  as  specified  under  the 
account  of  preparations,  from  liquid  secondary  products  corres- 
ponding to  those  which  gave  the  three  samples  of  the  pyridine 
methyl  triiodide,in  lustrous  greenish- black  needles,  well  defined, 
stable  through  exposure  to  the  air,  and  melting  at  49°  C.  In  the 
analysis,  two  determinations  by  silver  iodide  gave  for  iodine 
78.389  and  78.388.  Three  titrations  with  the  thios^lphate  gave 
for  iodine  52.784,  52.612  and  52.616.  Inasmuch  as  the  mother 
liquids  have  been  found  to  contain  higher  periodides,  it  is  evi- 
dent that  these  crystals  are  not  wholly  freed  from  mother  liquid. 

Calculated  for 
CftHsN.CsHsLI,.  Found. 

Iodine  total 77.85  78.39 

Iodine  by  titration 5i.90  52.67 

7.  Higher  ethyl  periodides  of  pyridine,  in  nearly  black  crys- 
tals melting  below  10®  C,  were  indicated  from  treatment  of  the 
primary  oil-like  product,  though  not  yet  obtained  in  purity,  as 
stated  under  the  preparation  of  the  triiodide. 

Methods  of  Preparation, — The  methyl  periodides  of  p)rridine 
are  best  obtained,  first,  by  adding  the  methyl  normal  iodide  of 
pyridine  to  dissolved  iodine.  We  have  also  obtained  several 
pyridine  methyl  periodides ;  second,  by  adding  pyridine  to  a 
solution  of  methyl  iodide  and  iodine.  We  have  found,  however, 
as  stated  further  on,  that  in  the  latter  way  there  is  formed  some 
proportion  of  a  pyridine  periodide  destitute  of  methyl,  though 
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the  avidity  of  pyridine  for  methyl  iodide  ensures  a  considerable 
proportion  of  methyl  periodides.  For  pyridine  ethyl  periodides 
the  second  way  would  not  promise  formative  results  at  all 
owing  to  the  tardy  addition  of  ethyl  iodide  to  pyridine.  The 
normal  pyridine  alkyl  iodides  used  were  prepared  for  the  purpose, 
and  had  the  properties  specified  in  another  paper  by  one  of  us 
(P),  in  which,  also,  is  a  statement  of  the  con^tants  of  the  pyri- 
dine used  in  these  preparations.  In  adding  the  pyridine  alkyl 
normal  iodide  to  iodine,  the  latter  was  taken  in  the  proportion  to 
make  the  particular  periodide  desired,  but  other  periodides  would 
appear  as  subordinate  products.  As  to  just  how  much  effect  the 
relative  quantity  of  iodine  added  exerts  upon  the  extent  of  iodine 
combination,  further  investigation  is  now  in  progress. 

The  preparation  of  pyridine  methyl  pentiodide  was  done  as 
follows  :  Eighteen  grams  of  pyridine  methyl  iodide  dissolved  in 
a  little  alcohol  were  added  to  fifty  grams  of  iodine  previously 
dissolved  in  200  cc.  of  alcohol,  the  solutions  being  taken  at  low 
temperature.  A  dark  green  oil-like  liquid,  thick  and  cohesive, 
at  once  separated  in  abundance  at  the  bottom.  The  thin  alco- 
holic liquid  above  was  decanted  off  and  the  oil  set  aside  at  tem- 
perature several  degrees  below  0°  C,  when  it  shortly  solidified 
in  crystals,  not  melting  at  25°  C.  These  were  dissolved  in  warm 
alcohol,  and  the  solution  set  aside  at  about — 5°  C,  when  crystals 
of  preparation  I  appeared.  They  were  dried  over  sulphuric 
acid  to  a  constant  weight,  for  analysis  and  determination  ofs  the 
melting-point.  This  periodide  was  undoubtedly  obtained  in  its 
amorphous  oil-like  state  by  O.  Lange  in  1885*  while  engaged  in 
obtaining  decomposition  products  of  pyridine  methyl  iodide  by 
Ladenburg's  process.  He  reported  obtaining  the  heavy  dark- 
green  oil,  which  would  not  solidify  on  standing  for  a  day,  and 
which  he  apparently  did  not  analyse.*  Ill  of  the  methyl  pentio- 
dide was  obtained  by  treating  a  part  of  the  first  crystalline  form 
of  the  methyl  octaiodide  before  described,  with  ether,  which 

iOn  Picolines.  Ber.  d.  Chem.  Ges.  18,  3436. 

sit  was  in  following:  Lang^e  that  this  preparation  I  of  the  methyl  pentiodide  was 
first  undcrtalcen,  and  the  "  oil "  obtained.  After  fruitless  attempts  to  crystallize  it  from 
various  solvents,  it  was  abandoned  for  six  weeks,  when,  on  one  very  cold  day,  in  mov- 
ing thing:s  it  was  set  in  the  window  next  the  glass,  and  presently  it  became  a  mass  of 
crystals.  These  did  not  melt  when  returned  to  the  warmer  air  of  the  laboratory.  A 
new  preparation  was  at  once  commenced  as  above. 
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dissolves  a  small  portion  of  the  crystals,  leaving  the  remainder 
as  this  preparation  III  of  the  pentiodide.  Preparation  II  of  the 
methyl  pentiodide  was  obtained  from  the  mother  liquor  of  the 
methyl  octaiodide  by  evaporation  and  redissolving  the  crystals  in 
alcohol . 

The  preparations  of  the  pyridine  methyl  diiodide  in  I  and  II 
were  from  solutions  quite  different  from  each  other  from  the 
beginning,  but  in  both  cases  they  were  from  later  crops  of  crys- 
tals following  the  addition  of  free  pyridine  to  solution  of  the 
other  two  materials.  The  final  crystals  of  I  were  washed  in  a 
very  little  cold  alcohol,  and  then  dried  over  sulphuric  acid  for 
ten  days.  The  crystals  of  II  were  obtained  fine  by  rapid  forma- 
tion in  alcohol  surrounded  by  a  freezing  mixture. 

The  preparations  of  pyridine  methyl  triiodide  in  I,  II  and  III 
were  crystallized  from  the  mother  liquids  of  II  of  the  corres- 
ponding diiodide.  II  of  the  triiodide  was  itself  recrystallized 
several  times.  I  and  III  were  in  more  compact  crystals  of 
slower  formation.  But  IV  was  the  result  of  a  different  method 
throughout,  following  the  addition  of  iodine  solution  to  the 
methyl  normal  iodide,  using  proportions  intended  for  the  diiodide. 
The  final  crystals  were  by  a  single  recrystallization  of  the  first 
crop.     It  was  dried  between  filter  papers  over  sulphuric  acid. 

The  preparations  of"  pyridine  methyl  pctaiodide  (provisionally 
so  termed)  were  instituted  by  adding  eleven  gramsof  the  normal 
iodide  dissolved  in  a  little  alcohol,  to  fi-fty-five  grams  of  iodine  in 
as  little  alcohol  as  possible,  both  solutions  being  hot.  The 
greenish  black  oil-like  mass  separated  at  once.  The  decanted 
solution  was  cooled,  and  other  portions  of  the  oil  obtained.  Be- 
low o""  C.  the  oil  crystallized  well.  I  was  crystallized  from 
solution  in  alcohol  at  low  temperature.  II  was  crystallized 
from  alcohol  by  spontaneous  evaporation  out  of  doors  in  cool 
weather.  The  final  crystals  of.  each  were  dried  between  filter 
papers,  and  kept  in  the  vault  at  about  12''  C. 

Pyridine  ethyl  triiodide  was  obtained  following  the  addition  of 
alcoholic  solution  of  the  normal  iodide  to  alcoholic  solution  of 
iodine.  The  first  product,  chiefly  higher  iodides,  appeared  in 
an  oil-like  precipitate,  and  this,  after  decanting  the  alcoholic 
liquid,  was  dissolved  in  hot  alcohol,  and  the  solution  kept  for  six 
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hours  at  — ^4**  C.  without  obtaining  crystallization.  Afterward 
crystals  were  obtained  but  without  success  in  drying  them. 
Moist  with  the  oil  they  gave  figures  a  little  too  low  for  the  tetra- 
iodide.  Repeating  the  entire  operation,  but  not  decanting  the 
oil,  the  entire  mixture  was  exposed  to  low  temperature  as  before, 
and  the  oil  solidified  in  a  mass  of  fine  crystals  better  than  before, 
but  these  melted  below  10**  C,  and  the  attempt  to  obtain  a  pure 
high  periodide  had  to  be  deferred.  That  the  oil,  which  is  stable 
when  dried  and  has  no  odor  of  iodine,  contains  high  iodine  ad- 
ditive combination  was  shown  by  its  analysis,  giving  figures 
midway  between  hexiodide  and  heptiodide.  Now  the  alcoholic 
liquid  decanted  from  the  oil  in  the  first  operation,  on  cooling 
below  0**  C,  gave  an  excellent  crop  of  crystals.  These,  dried  for 
several  days  over  sulphuric  acid,  at  about  21°  C,  constitute  the 
preparation  described  under  the  name  pyridine  ethyl  triiodide. 

PBRIODIDBS  OF  THB  AMINE  AND  OF   THE  TERTIARY 

AMMONIUM   BASE. 

I.  Pyridine  Tetraiodide,  C.H^N.I^. — Adding  to  pj'^ridine  an 
alcoholic  solution  of  iodine  until  the  precipitate  ceased  to  form, 
thereby  leaving  a  slight  excess  of  iodine,  there  was  obtained  a 
bulky  crystalline  precipitate  of  a  green  color,  not  of  a  red  color 
as  reported  by  Dafert.'  This  precipitate  was  filtered  out,  drained, 
washed  with  alcohol,  and  drained  dry,  all  under  the  filter  pump, 
then  dried  between  filters  over  sulphuric  acid  for  several  days. 
It  was  found  soluble  in  alcohol,  ether,  chloroform,  and  less 
readily  in  benzene.  It  was  recrystallized  from  benzene  in  I, 
from  chloroform  in  II,  and  from  alcohol  in  III.  In  each  result 
the  crystals  were  dark  lustrous  green.  Those  of  III  were  in 
button-like  aggregations  of  fine  needles,  the  whole  about  half  an 
inch  in  diameter.  Prom  each  solution  the  crystals  showed  the 
same  melting-point,  85°  C.  The  alcoholic  mother-liquor  on 
evaporation  gave  a  crop  of  very  small  dark-green  crystals  IV 
of  the  same  melting-point.  All  these  crystals  gave  off  percepti- 
ble traces  of  iodine  on  standing  in  a  glass-stoppered  bottle,  being 
very  perceptibly  less  stable  than  the  crystal  preparations  of  the 
various  pyridine  quaternary  base  periodides  already  described. 
This  instability  may  be  the  cause  of  the  slight  deficiency  of 
iodine  found  in  analysis,  the  resulting  figures  being  as  follows : 

i/£9j,  Monatsh.  Chetu.,  4,  509. 
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Calculated  for  Pound. 

C»HftN.I«.  I.  II.  III.  IV. 

Iodine  total,  by  silver  iodide 86.49       85.72    85.94    85.63    85.48 

Iodine  by  titration  with  thiosulphate  85.05    84.79    85.73    85.63 

This  periodide,  therefore,  contains  no  iodine  firmly  bound  as 
in  all  normal  iodides,  none  that  is  not  promptly  taken  up  by 
thiosulphate.  In  this  constitutional  feature  it  is  a  periodide 
sharply  unlike  all  the  pyridine  alkyl  periodides  known,  and  un- 
like the  pyridine  hydrogen  pentiodide  found  by  Dafert,'  and 
further  described  below  as  examined  by  us.  A  superbromide 
of  pyridine  was  obtained,  in  1882,  by  Grimaux,*  who  writes  for 
it  the  formula,  (CjHjNBrJHBr.  He  found  it  not  very  stable;  in 
analysis  he  made  but  one  estimation  of  bromine,  that  by  silver 
bromide ;  and  he  found  the  compound  reduced  by  hydrogen 
sulphide  to  pyridine  hydrobromide  and  hydrobromic  acid.  The 
triethylphosphine  tetraiodide,  P(C,HJ,I^,  m/erred  by  M,SiSSon 
and  Kirkland  in  1889,' is  of  the  same  type  as  our  pyridine  tetraio- 
dide. Treated  with  hydrogen  sulphide  half  its  iodine  entered 
into  phosphonium  normal  iodide,  and  half  into  hydriodic  acid. 

Several  months  before  the  preparation  of  pyridine  tetraiodide 
as  above  given,  a  product  was  obtained  in  another  way  which 
puzzled  us  at  the  time,  but  which  we  now  recognize  as  this  last- 
formed  pyridine  tetraiodide.  It  was  obtained  in  the  first  crystal- 
line precipitate  after  adding  free  pyridine  to  the  solution  of 
methyl  iodide  and  iodine,  in  the  second  way  for  making  the 
methyl  periodides.  The  mother-liquor  of  the  precipitate  gave 
us  the  methyl  diiodide,  preparation  I  of  that  product.  The 
precipitate  itself  crystallized  from  a  chloroform  solution,  gave 
very  dark  green  short  needles,  melting  at  84.5°  C,  and  soluble 
in  ether  and  in  benzene.  The  total  iodine  was  found  as  86.32 
per  cent  (the  average  of  four  results,  lowest  86.22,  highest  86.50). 
At  that  time  a  satisfactory  titration  for  iodine  was  not  obtained 

1  p.  W.  Dafert,  i88j,  Monatsh.  Chem.,  4,  508.  Dafert  says,  p.  509,  "  In  alkoholiacher 
und  in  wasseriger  Ubsung  des  Pyridins  erzeugt  lod  in  Alkohol,  respective  in  lodjodka- 
liumldsung:  ebenfals  unter  gewissen  umstHndcn  eine  Pallung.  Bben  so  bei  Anweudung 
▼on  Schwefelkoblenstoff.  Das  dabet  erh&ltene  Pr&parat  i6t  roth  gef&rbt  und  jedenfalls 
mitdem  obigen  Superiodid  nichi  identisch.  Bine  weitere  Untersuchung  wird  «vohl 
n&heres  ergeben."  We  have  not  been  able  to  find  a  further  publication  by  Dafert  upon 
this  compound. 

s  E.  Grimaux,  Compt,  rend.^  95,  87 ;  Bull.  Soc.  Chim.,  38,  wj. 

«y.  Chem.  Soc.,  55,  139. 
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on  account  of  the  solvent,  but  without  any  solvent  one  slow 
titration  resulted  in  85.82  per  cent.,  indicating  the  absence  of 
normal  iodine,  when  the  preparation  was  put  aside  for  later 
inquiry.  It  appears,  therefore,  that  when  free  pyridine  is  added 
to  methyl  iodide  and  iodine,  in  alcoholic  solution  of  each,  some 
periodide  of  pyridine  without  methyl  is  formed  in  the  first  precip- 
itate, notwithstanding  the  extreme  avidity  with  which  pyri- 
dine unites  directly  with  methyl  iodide. 

2.  The  Pyridine  Hydrogen  Pentiodide  of  Dafert} — ^This  was 
obtained,  following  the  plan  given  by  that  author,  in  crystals 
such  as  described  by  him,  melting  at  about  85"*  C.  (Dafert  89® 
C.)  In  analysis  it  gave  88.03  P^r  cent,  of  total  iodine,  and 
70. 20 percent,  of  iodine  by  titration  (calculation  for  C^H^N.HI.I^, 
total  iodine  88.77  P^^  cent.,  and  super  iodine  71.02  percent.). 
For  the  titration  the  periodide  was  dissolved  in  alcohol,  the  end 
reaction  was  sharp,  and  the  result  conclusive  as  to  the  funda- 
mental difference  between  the  two  compounds,  one  of  which  we 
believe  to  be  a  periodide  of  C^H^NH,  and  the  other  of  C^H^N. 

A  hydrogen  periodide  of  pyridine,  therefore,  like  alkyl  ammo- 
nium periodides  in  general,  includes  for  each  atom  of  nitrogen 
(in  the  molecule  whatever  its  magnitude)  just  one  atom  of  iodine 
which  is  left  united  to  the  nitrogen  after  the  action  of  reducing 
agents  of  sufficient  strength.  On  the  contrary  the  periodides  of 
pyridine  not  having  ammonium  hydrogen  or  alkyl  contain  no 
iodine  left  by  such  reducing  agents  in  union  with  the  base,  as 
we  say,  no  iodine  firmly  bound.  Various  forms  of  these  two 
types  may  be  represented  as  follows : 

(i)  R^NI.In,  quarternary  alkyl  ammonium  periodides. 

(R"'N)RI.In,  quarternary  pyridine  periodides. 

(R"'N)HI.I„,  pyridine  hydrogen  periodide. 
(2)   (R"'N).I„,  pyridine  (amine)  periodide. 

(R"'N)Br,HBr,  a  superhalide  (Grimaux). 

R,PI„.In,  inferred  by  Masson  and  Kirkland. 

ESTIMATIONS  OF  THE  IODINE  OP  PERIODIDES. 

I.  The  total  iodine  is  obtained  by  precipitation  as  silver 
iodide,  weighing  this  on  filters  to  be  described  later. 

1  /^j  .•  Monatsh.  Chem.,  4t  S08. 
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The  sample  is  weighed,  from  a  weighing  bottle,  by  dififerecce 
into  a  No.  2  beaker.  About  twenty  cc.  of  a  saturated  solution 
of  sulphurous  acid  is  added,  then  a  slight  excess  of  silver  nitrate 
solution  (used  of  known  strength).  The  mixture  is  heated  on 
the  water-bath  for  about  an  hour,  breaking  the  crystals  of  perio- 
dide  if  necessary  with  a  flat  end  of  a  glass  rod,  then  acidulated 
strongly,  using  twenty  to  thirty  cc.  of  nitric  acid,  (sp,  gr.  1.20), 
and  heated  one  to  two' hours  or  until  the  precipitate  is  of  a  uni- 
form light  straw  color  and  the  liquid  perfectly  clear.  The  pre- 
cipitate is  then  put  upon  the  prepared  funnel  of  ascertained 
weight  and  washed,  first  with  five  per  cent,  nitric  acid  and  then 
with  hot  water,  using  the  pump  throughout.  The  funnels  are 
small  sized  **  carbon  tubes,**  the  bottom  loosely  fitted  with  a  glass 
plug  or  shoulder,  on  which  is  a  layer  of  cracked  glass,  twelve  to 
twenty  mm.  thick ,  made  from  beakers  and  sieved  to  pass  a  ten-mesh 
but  not  a  twenty-mesh.  After  this  is  washed  level,  under  pres- 
sure of  the  filter-pump,  a  layer  of  acid- washed  asbestos  is  floated 
over  it,  and  the  whole  dried  at  130°  to  150°  C.  for  about  two 
hours  or  for  constant  weight.  Weighing  is  done  with  duplicate 
funnels,  suspending  them  with  an  aluminum  loop. 

The  washed  silver  iodide  in  the  funnel  is  dried,  with  its  du- 
plicate (also  wetted),  for  two  hours  at  130*  to  150**  C,  or  until 
weight  is  constant.  A  set  of  about  thirty  of  the  funnels  have 
been  in  hand,  and  when  all  have  been  used,  the  asbestos  layer 
and  precipitate  are  carefully  removed,  and  a  fresh  asbestos  layer 
floated  on,  all  which  can  be  done  for  the  set  in  about  two  hours. 

Two  to  four  parallel  estimations  have  been  made,  and  the  aver- 
age taken.  The  agreement  of  the  estimations  is  fairly  shown  in 
these  figures,  quoted  from  the  results:  86.69,  86.79,  86.84,  86.66; 
72.45,  72.08,  72.45  ;    86.65,  86.29. 

2.  The  iodine  in  excess  of  that  for  a  normal  iodide,  that  is, 
the  iodine  responding  to  reducing  agents,  has  been  estimated 
volumetrically  by  thiosulphate,  using  a  solution  of  which  one  cc. 
equals  o.oio  of  iodine.  To  make  this  solution,  **C.  P.  sodium 
thiosulphate'*  is  recrystallized  small  by  stirring  while  the  solu- 
tion cools.  The  volumetric  solution  is  standardized  by  standard 
solution  of  potassium  dichromate,  which  in  turn  is  checked  with 
one  standardized  with  **chemically  pure**  iron  wire.  The  dichro- 
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mate  is  purified  by  fusing  a  chemically  pure  article  and  pouring 
upon  a  tile.  The  factor  of  the  thiosulphate  solution  is  taken  every 
two  or  three  days.  The  periodide  analyzed  is  weighed  by  differ- 
ence, from  a  weighing  bottle  into  a  No.  3  beaker,  taking  0.150 
to  0.600  gram.  Of  alcohol  from  ten  to  fifteen  cc.  are  added.  All 
the  periodides  so  far  obtained  are  soluble  in  cold  alcohol,  but 
with  much  difference  in  the  readiness  and  abundance  of  this  sol- 
ubility, and  this  property  governs  the  speed  of  the  estimation. 
The  crj'stals  can  be  broken  under  a  flat  end  of  a  rod,  and  if  not 
readily  soluble,  the  titration  is  commenced  before  solution  is  com- 
pleted, keeping  down  the  excess  of  the  iodine-like  color.  At  the 
end  starch  can  be  used  as  an  indicator,  but  after  practice  this  is  not 
necessary,  as  the  extinction  of  the  iodine-like  color  can  be  read 
to  within  one  drop  of  the  thiosulphate.  The  burettes  had  been 
calibrated  and  were  used  with  a  table  of  corrections.  Other  sol- 
vents have  been  tried  but  alcohol  proves  far  the  best  for  the  crys- 
tals in  titration.  Two  to  four  titrations  have  been  made  and  the 
average  given  in  each  estimation.  The  agreement  of  the  titra- 
tions is  represented  by  a  few  quotations:  of  the  pyridine  methyl 
diiodide,  37.01,  37.24,  36.48,  37.17  ;  pyridine  methyl  triiodide, 
78.55,  78.84. 

University  op  Michigan. 


ON  THE  ANALYSIS  OF  ALLOYS  OF  LEAD,  TIN,  ANTI- 
MONY AND  ARSENIC 

By  I^auncelot  Andrews. 

Received  September  9,  1895. 

THE  experiments  described  in  the  present  paper  were  carried 
out  under  my  direction  during  the  last  winter  by  Mr.  Earl 
Durfee.  Part  of  them  were  suggested  by  Drown's  investigation 
of  the  separation  of  tin  from  lead  by  repeated  evaporations  with 
concentrated  hydrochloric  acid,  but  were  carried  out  previous  to 
the  publications  of  Jannasch,*  and  of  Jannasch  and  Schmitt'  on 
the  same  subject.  All  experiments  referred  to  here,  relate  to  the 
analysis  of  an  alloy  containing  in  round  numbers  eighty  percent, 
lead,  thirteen  per  cent,  antimony,  seven  per  cent.  tin.  The  exact 
composition  of  this  metal  will  be  given  later. 

1  Read  at  the  Springfield  meeting:. 

^Ber.  d.  cAem.  Ges.  37,  3335.  ^Zischr,  anal.  CMem.,  9,  274. 
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FIRST   METHOD. 

The  attempt  was  made  to  drive  o£f  all  tin  and  antimony  as 
chlorides  according  to  Drown.  To  this  end  one  gram  of  the  alloy 
was  dissolved  in  aqua  regia  and  evaporated  to  dryness,  heating 
the  residue  to  200®  C.  The  latter  was  moistened  with  about  four 
cc.  fuming  hydrochloric  acid  and  evaporated  as  before,  the  whole 
operation  being  repeated  five  times.  The  remaining  lead  chloride 
was,  however,  not  free  from  tin  and  antimony.  A  series  of 
attempts  were  then  made  to  effect  a  separation  by  treating  the 
alloy  with  bromine  and  hydrochloric  acid  gas,  in  varying  forms 
of  apparatus  and  at  various  temperatures.  The  details  of  these 
experiments  need  not  be  given,  since  they  either  failed  to  give  a 
complete  separation  or  were  affected  by  practical  faults  of  one 
kind  or  another. 

On  the  other  hand,  no  difficulty  was  found  in  completely 
volatilizing  all  the  tin  and  antimony  by  heating  the  alloy  directly, 
without  previous  solution,  in  a  current  of  hydrochloric  acid  gas 
which  had  passed  through  concentrated  nitric  acid.  The  pro- 
cess was  carried  out  as  follows :  Hydrochloric  acid  gas,  evolved 
in  a  slow  and  steady  stream  by  allowing  the  fuming  acid  to  flow 
through  a  capillary  tube  into  concentrated  sulphuric  acid,  passes 
first  through  a  flask  containing  ten  cc.  of  nitric  acid  of  1.50  sp. 
gr. ,  and  then  through  a  combustion  tube  of  large  diameter,  thirty 
cm.  long,  containing  a  porcelain  boat  with  the  alloy  in  the  form 
of  turnings.  The  current  of  gas  on  leaving  the  combustion  tube 
traverses  a  Volhard, absorption  flask,  charged  with  a  solution  of 
potassium  bromide  and  kept  cold  during  the  process.  The  com- 
bustion tube  is  covered  with  an  asbestos  tent  and  heated  by 
means  of  an  Argand  burner  to  210°  C.  The  amount  of  the  alloy 
used  in  each  experiment  was  a  half  gram,  and  in  two  hours, 
during  which  time  the  operation  required  no  attention  whatever, 
the  separation  was  complete  and  the  snow-white  residue  in  the 
boat  was  completely  soluble  in  boiling  water,  while  the  distillate 
in  the  receiver  was  free  from  lead.  The  lead  was  weighed  as 
sulphate.  The  receiver  contained  the  antimony  and  tin  and  a 
little  arsenic.  To  it  was  added  the  solution  obtained  by  rinsing 
the  unheated  part  of  the  combustion  tube  with  hydrochloric  acid. 
The  small  amount  of  arsenic  present  was  easily  separated  from 
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the  contents  of  the  receiver  by  distillation  according  to  Gooch 
and  Phelps.*  After  the  removal  of  the  arsenic,  tin  and  antimony- 
were  separated  by  Camof  s  method,*  which  was  found  to  be  ex- 
cellent.' 

The  process  as  described  may  be  modified  by  attacking  the 
alloy  with  nitric  acid  first,  in  a  two-necked  flask,  then  evaporat- 
ing in  a  current  of  hydrochloric  acid  gas  and  heating  in  the  same 
as  before.  The  quantitative  results  are  concordant,  but  the  modi- 
fied process  is  less  convenient  and  requires  decidedly  more  time. 

Analytical  Resui^ts. 

i.  ii.  iii.  iv. 

Gram.  Gram.  Per  cent.  Per  cent. 

Alloy  taken 0.5000  0.5000  ....               

Lead  sulphate 0.5849  0.5853  ....  » . . . 

Lead  found 0.3988  0.3991  79.75  79.82 

Antimony  trisulphide . . .  0.0925  0.0925  ....  .... 

Antimony  found 0.0661  0.0661  13.21  13.21 

Stannic  oxide 0.0434  0.0437  ....  .... 

Tin  found 0.0342  0.0344  6.84  6.88 

Arsenic  (volumetrically)  0.0006  0.0007  0.12  0.14 

Total 99.92  100.05 

SECOND    METHOD. 

It  has  been  observed  that  when  various  kinds  of  anti-friction 
metal  or  type  metal  were  boiled  with  hydrobromic  acid  or  with 
mixtures  of  hj'drochloric  acid  and  potassium  bromide,  the  anti- 
mony remained  undissolved,  the  arsenic  distilled  off  and  all  the 
other  constituents  of  the  alloy  went  into  solution.  A  more  criti- 
cal examination  of  the  matter  showed  that,  under  the  conditions 
named,  in  the  presence  of  air,  a  small  amount  of  the  antimon}' 
dissolved,  but  that  the  undissolved  portion  was  free  from  lead 
and  tin.  On  the  theory  that  the  partial  solution  of  the  anti- 
mony was  due  to  the  oxidizing  action  of  the  air,  it  seemed  likely 
that  the  addition  of  a  powerful  reducing  agent,  such  as  hydri- 
odic  acid,  would  prevent  the  loss  of  antimony,  a  view  which  was 

"^Ztschr.  anal.  Chem.,  7,  123. 

^Ztschr.  anal.  Chem.^  88.  650. 

sin  this  method,  the  solution,  containing  an  oxalate  and  free  oxalic  acid  and  much 
ammonium  chloride,  is  boiled  with  sodium  thiosulphate.  Beside  the  precautions  given 
by  the  originator  of  the  method,  it  is  essential  to  success  that  the  solution  be  boiled  vio- 
lently until  one-fourth  is  boiled  away,  and  that,  finally,  the  acid  be  in  excess  as  regards 
thiosulphate. 
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confirmed  by  an  experiment  in  which  potassium  iodide  took  the 
place  of  the  bromide. 

One  gram  of  the  metal,  in  turnings,  after  boiling  for  one 
hour  with  hydrochloric  acid  of  i.io  sp.  gr.  and  potassium  iodide, 
(about  one  gram)  was  entirely  disintegrated.  The  antimony  re- 
mained undissolved  as  a  dark  g^ay  powder.  It  was  filtered  from 
the  boiling  solution  through  a  Gooch  filter,  washed  with  boiling 
water  until  free  from  lead  iodide,  dried,  mixed  with  sulphur  and 
gently  ignited  in  a  stream  of  carbon  dioxide.  This  conver- 
sion into  sulphide  is  needful  because  the  finely  divided  antimony 
obstinately  retains  either  water  or  hydrogen,  in  consequence  of 
which  the  results  come  about  seven-tenths  per  cent,  too  high  if 
the  metal,  is  weighed  directly. 

Anai^yticai,  Rbsui^ts. 

I.  II. 

Metal  taken i.oooo  i.oooo  grams. 

Antimony  weighed  direct'---  0.1385  01375 

Antimony  trisulphide*  • 0.1827  0.1833 

Antimony  calculated 0.1305  0.1310 

Antimony  i3-05  13.10     Percent. 

The  subjoined  table  presents  a  summary  of  the  results  obtained 
by  the  different  methods  of  analysis  of  the  same  alloy.  Column 
I  gives  the  results  obtained  by  tedious  but  exact  methods,  not 
described  in  this  paper  but  employed  for  a  control.  Column  II 
gives  the  figures  obtained  by  the  first  method  above  described. 
Column  III  those  of  the  second  method.  Column  IV  the  mean 
of  all  of  the  results. 

Summary. 

I.  II.  III.  Mean. 

Percent  Percent.  Percent.  Percent. 

Arsenic 0.13- 0.12      0.12  0.14- 0.13      0.128 

Antimony 13.13-13.15  13.21-13.21  I3.05tI3-io  13.14 

Tin 6.83-6.84      6.84-6.88  6.85 

Lead 79-87-79-95  79-  75-79.82  79.85 

Total , 99.97 

In  conclusion,  I  wish  to  draw  attention  to  a  convenient  device 
for  maintaining  temperatures  lying  between  200**  and  500**  which 
are  difficult  to  secure  with  certainty  by  means  of  a  Bunsen  or 
even  in  some  cases  by  the  ordinary  forms  of   air-bath.    The 


THE  DETERMINATION  OF  GRAPHITE  IN  PIG-IRON.         873 

device  consists  simply  of  an  ordinary  Argand  gas  burner  with 
chimney,  as  made  for  illuminating  purposes,  with  the  addition 
of  a  simple  hood  or  tent  of  asbestos  and  sheet-iron  to  go  over 
the  top  of  the  chimney  and  confine  the  heat.  It  is  surprising 
what  a  wide  range  of  temperatures  this  simple  apparatus  gives 
command  of.  It  is  very  perfectly  adapted  for  the  ignition  of 
antimonous  sulphide  in  carbon  dioxide,  an  operation  which 
can  be  carried  out  with  great  nicety  at  400**,  but  which 
is  difficult  and  uncertain  when  a  Bunsen  burner  is  used  as  the 
source  of  heat.  Many  other  operations,  distillations,  diges- 
tions, etc.,  are  carried  on  advantageously  in  this  way,  the  great 
merit  of  the  arrangement  consisting  in  the  superior  control  of  the 
temperature.  It  is,  for  example,  well  adapted  to  the  conver- 
sion of  calcium  oxalate  into  carbonate. 
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THE  purpose  of  this  note  is  to  call  attention  to  a  source  of 
error  in  the  determination  of  graphitic  carbon,  made  by  the 
usual  method  of  solution  in  hydrochloric  acid.  Although  the 
method  is  tedious,  because  of  the  necessary  treatment  of  the 
separated  carbon  with  caustic  potash,  alcohol  and  ether,  the 
text-books  seem  to  give  it  preference ;  and  it  is,  perhaps,  used 
more  generally  than  the  method  of  solution  in  dilute  nitric  acid. 
Solution  in  hydrochloric  acid  usually  gives  higher  graphitic-car- 
bon results  than  solution  in  nitric  acid,  and  many,  therefore,  con- 
sider it  more  trustworthy,  the  inference  being  that  the  lower  re- 
sults obtained  by  nitric  acid  are  due  to  the  loss  of  some  of  the 
finely-divided  graphite  by  reason  of  the  oxidizing  action  of  the 
solvent.  But,  experiments  made  in  Dr.  Drown^s  laboratory, 
about  seventeen  years  ago,  showed  no  appreciable  oxidation  of 
graphite  in  the  fifteen  or  twenty  minutes'  boiling  required  for  the 
solution  of  a  sample  of  pig-iron. 

The  point  I  desire  to  bring  out  here  is,  that  the  high  results 
in  graphitic  carbon  obtained  b}*^  solution  in  hydrochloric  acid  are 
due  to  the  presence,  in  the  graphitic  residue,  of  titanium  carbide,* 

1  To  be  read  at  the  Atlanta  meeting  of  the  American  Institute  of  Mining  Engineers, 
s  See  Trans.  A  m.  Inst.  Min.  Eng.^  15,  455. 
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and  possibly  of  other  insoluble  carbides,  the  carbon  of  which  is, 
of  course,  included  with  the  graphite  in  the  final  determination. 
In  the  nitric  acid  method,  the  titanium  carbide  is  easily  dis- 
solved, and  its  carbon  appears  with  the  combined  carbon,  when 
the  latter  is  determined  by  difference  between  graphitic  and  total 
carbon. 

The  method  by  solution  in  dilute  sulphuric  acid  is  open  to  the 
same  objection  as  that  by  solution  in  hydrochloric  acid;  for 
titanium  carbide  is  insoluble  in  sulphuric  acid,  and,  I  may  add, 
it  is  also  unattac'ked  by  hydrofluoric  acid,  and  by  a  boiling  solu- 
tion of  caustic  potash. 

The  following  is  an  analysis  of  a  pig-iron  unusually  high  in 
titanium : 

Per  cent. 

Silicon 3'650 

Phosphorus 1.145 

Sulphur , .  o.oio 

M*anganese    0.226 

Graphitic  carbou 3.206 

Combined  carbon 0.128 

Titanium  0.399 

Iron  (by  difference) 91.236 

100.000 

The  total  carbon  in  this  iron  was  determined  by  dissolving  in 
an  acidified  solution  of  double  chloride  of  copper  and  potassium, 
and  subsequent  combustion.  The  graphite  was  determined  by 
solution  in  dilute  nitric  acid  and  combustion.  A  determination 
of  graphite,  made  by  solution  in  hydrochloric  acid  and  combus- 
tion, gave  3.327  percent,  of  graphite,  a  result  0.121  per  cent, 
higher  than  that  obtained  by  the  nitric  acid  method.  The 
amount  of  carbon  combined  as  titanium  carbide  (TiC)  with 
0.399  per  cent,  of  titanium  is  o.i  per  cent.,  which  counts  as 
graphite  in  the  determination  by  solution  in  hydrochloric  acid. 
The  results  may  be  set  down  as  follows : 

Per  cent 

Total  carbon 3.334 

Graphite  by  nitric  acid  solution 3.206 

Graphite  by  hydrochloric  acid  solution 3.327 

The  error  in  the  hydrochloric  acid  method  falls  heavily  upon 
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the  resultant  estimate  of  combined  carbon,  which  is  determined 
by  difference,  as  appears  below  : 

Per  cent 
Combined  carbon,  when  graphite  is  determined  by  nitric  acid     0.128 

**    hydrochloric    "        0.007 

An  experiment  was  made  to  determine  the  action  of  boiling 
nitric  acid  (1.20  sp.  gr.)  on  the  graphite  from  this  iron.  A 
sample  of  two  grams  was  dissolved  in  hydrochloric  acid  (i.io 
sp.  gr).  After  washing  the  graphitic  residue  with  water,  it  was 
boiled  gently  for  one  hour  with  nitric  acid  (1.20  sp.  gr.),  with 
the  addition  of  a  little  water  from  time  to  time,  to  keep  up  the 
bulk  of  the  solution.  The  graphite  as  thus  determined,  was 
3.203  per  cent,  against  3.206  per  cent. ,  by  direct  solution  in  nitric 
acid,  showing  that  the  treatment,  for  one  hour,  with  boiling  nitric 
acid,  had  dissolved  out  the  titanium  carbide  without  having 
attacked  the  graphite.  The  graphite  in  this  high  silicon  iron, 
however,  was  coarse  and  perhaps  unusually  resistent  to  the  oxi- 
dizing action  of  nitric  acid.  It  is  proposed  to  make  similar 
experiments  on  the  graphite  from  a  variety  of  pig-irons. 

The  0.128  per  cent,  of  combined  carbon  is  made  up  as  fol- 
lows : 

Per  cent. 

Carbon  combined  with  0.399  per  cent,  titanium  as 
TiC o.ioo 

Combined  carbon  soluble  in  hydrochloric  acid  (proba- 
bly combined  with  iron  and  manganese ) 0.007 

Carbon  possibly  existing  as  insoluble  carbide  other 
than  titanium  carbide * 0.021 

A  careful  mechanical  separation  of  a  few  grams  of  titanium 
carbide  was  made  from  several  pounds  of  this  iron  by  use  of  the 
long,  slightly  inclined  glass  plane  described  in  the  paper  before 
the  Institute  referred  to  above. 

Besides  titanium  and  carbon  in  this  separation,  there  is  some 
vanadium,  apparently  also  existing  as  an  insoluble  carbide, 
which  would  account  for  a  part  of  the  above  0.021  per  cent,  of 
combined  carbon.  This  investigation  is,  however,  still  under 
way. 

The  writer  has  never  encountered  a  pig-iron  free  from  tita- 
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nium,  the  amount  found  varying  usually  from  0.05  to  0.40  per 
cent.  In  irons  with  a  coarsely  crystalline  fracture,  the  cubical 
crystals  of  titanium  carbide  may  always  be  found  when  care- 
fully looked  for.  The  conclusion  seems  to  be  fair  that  the 
hydrochloric  acid  method  includes,  with  the  graphite  deter- 
mined by  it,  the  carbon  existing  as  insoluble  titanium  carbide. 
With  pig-irons  containing  from  0.05  to  0.40  per  c^nt.  of  tita- 
nium, the  graphite  so  determined  will  be  from  0.013  too.  100 
per  cent,  too  high,  while  the  combined  carbon  will  be  corres- 
pondingly low. 

It  follows  that  more  light  would  be  thrown  upon-  the  condi- 
tion of  the  carbon  in  pig-iron  by  making  three  determinations : 
w>.,  one  of  total  carbon,  one  of  the  carbon  insoluble  in  hydro- 
chloric acid,  and  one  of  graphite  by  the  nitric  acid  method. 
We  would  thus  have  determinations  of  graphitic  carbon ;  car- 
bon combined  with  iron  and  manganese,  soluble  in  hydrochloric 
acid ;  and  carbon  combined  as  carbides  insoluble  in  hydrochloric 
acid.  In  high-silicon,  low-sulphur  titanic  irons,  the  insoluble 
form  of  combined  carbon  exceeds  the  carbon  existing  as  soluble 
carbides  of  iron  and  manganese.  It  is  important  to  know  how 
the  carbon  is  combined.  One-tenth  per  cent,  of  carbon  com- 
bined with  titanium  in  the  condition  of  disseminated  micro- 
scopic crystals,  probably  has  no  effect  on  the  hardness  of  pig- 
iron  ;  while  the  same  amount  of  carbon,  combined  with  iron  and 
manganese,  would  have  an  appreciable  hardening  effect.  Prac- 
tically, therefore,  it  may  be  desirable  to  have  the  carbon  exist- 
ing as  carbides  insoluble  in  Tiydrochloric  acid  appear  with  the 
graphite  as  determined  by  the  hydrochloric  acid  method, 
although  the  actual  graphite  can  be  determined  only  by  solution 
in  nitric  acid.  At  all  events  it  is  essential  to  know  by  what 
method  graphite  has  been  determined,  in  order  to  draw  conclu- 
sions from  determinations  of  graphitic  and  combined  carbon  in 
pig-iron. 

I^APATETTB  COLLEGE,  EASTON,  PA. 
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ON  THE  COnPOSITION  OF  PELAQINE. 

By  a.  B.  Griffith  and  Charles  Platt. 

Received  October  7, 1895. 

THE  chemical  composition  and  constitution  of  the  violet  pig- 
ment of  Pelagia  (one  of  the  Medusae)  has  been  estab- 
lished by  us,  as  follows:  By  treatment  with  hot  alcohol  and 
ether  the  pigment  and  fats  are  dissolved  and  the  solution,  after 
filtration,  is  evaporated  carefully  to  dryness.  The  residue  is 
treated  with  a  solution  of  sodium  hydroxide  and  the  pigment 
then  rapidly  extracted  by  means  of  carbon  disulphide.  Upon 
the  spontaneous  evaporation  of  the  solvent,  the  violet  pigment  is 
obtained  as  an  amorphous  residue. 

Analysis  of  this  pigment  gave  the  following  results : 

Substance  employed 0.2058   gram. 

Carbon  dioxide 0.47325      ** 

Water 0.08 1  o 

Substance  employed o.*46o5       '* 

Nitrogen I5-I5  cc. 

Barometric  reading 742.  mm. 

Temperature v 15* 

Reduced  to  percentages  and  calculating  the  formula  the  fol- 
lowing results  are  obtained : 

Calculated  for 
I.  II.  CjoHjtNOt. 

Carbon 62.71  ....  62.66 

Hydrogen 4.38  ....  4.43 

Nitrogen 3.75  3.66 

Oxygen •.••  ....  29*24 

Analysis,  then,  would  indicate  the  formula  C„H„NO,.  Pela- 
gine  is  soluble  in  alcohol,  in  ether,  and  in  acetic  acid ;  it  is 
insoluble  in  water,  but  it  is  very  soluble  in  carbon  disulphide. 
Solutions  of  the  pigment  are  decolorized  by  exposure  to  light 
and,  on  spectroscopic  examination,  do  not  yield  characteristic 
absorption  bands.  It  has,  apparently,  no  respiratory  function  and 
probably  belongs  to  the  same  order  of  pigments  as  tetronerythrin,* 
rhodopsin,  etc. ;  in  other  words,  pelagine  is  probably  a  lipo- 
chrome  or  a  nitrogenous  derivative  of  that  class.  In  certain 
respects  it  may  be  said  to  resemble  melaine,  the  pigment  of 
Sepia,  investigated  by  Girod,  Variot,  and  Desfosses.* 

1  Compt*  rend.,  93. 1029. 
S  Compt.  rend.,  93, 97. 


ON  THE  VOLUMETRIC  DETERMINATION  OP  TITANIC 

ACID  AND  IRON  IN  ORES. 

By  H.  I«.  Wells  and  W.  t,.  Mitchell. 

Received  July  as,  1895. 

THE  difl&culties  connected  with  the  gravimetric  determina- 
tion of  titanic  acid  make  a  reliable  volumetric  method 
very  desirable,  especially  for  the  analysis  of  titanic  iron  ores. 
We  have  therefore  turned  our  attention  to  this  subject  and  have 
found  that  satisfactory  results  can  be  obtained  by  a  slight  modi- 
fication of  a  process  which  has  long  been  known. 

Abbut  thirty  years  ago,  F.  Pisani*  stated  that  the  acid  under 
consideration  could  be  determined  by  reduction  with  zinc  in 
hydrochloric  acid  solution,  using  a  gentle  heat,  and  when  the 
violet  color  no  longer  deepened,  pouring  off  the  liquid  from  the 
remaining  zinc  and  titrating  with  potassium  permanganate. 
Pisani  gave  no  test  analyses,  and,  since  his  process  has  not  been 
generally  adopted,  it  is  evident  that  it  has  not  proved  satisfac- 
tory in  the  hands  of  others. 

A  number  of  years  ago*  one  of  us  (Wells)  had  occasion  to 
analyze  a  large  number  of  titanic  iron  ores  and  attempted  to  use 
Pisani 's  method  with  the  use  of  sulphuric  acid  instead  of  hydro- 
chloric acid,  as  recommended  by  the  originator  of  the  process. 
This  modification  was  made  on  account  of  the  well-known 
interference  of  chlorides  with  the  permanganate  method,  and  it 
was  found  that  the  diflSculty  mentioned  by  Pisani,  that  titanic 
acid  was  liable  to  be  precipitated  by  heating  sulphate  solutions, 
could  be  readily  overcome  by  using  a  suflSciently  large  quantity 
of  sulphuric  acid.  The  results  of  a  great  many  trials  at  that 
time,  however,  showed  that  the  method  gave  very  low  results, 
and  the  process  was  then  abandoned.  The  process  used  in  the 
experiments  just  referred  to  was  precisely  the  same  as  that 
which  we  now  recommend  and  which  will  be  described  in  detail 
below,  except  that  after  reduction  with  zinc  the  solution  was 
poured  off,  from  the  excess  of  that  metal,  into  a  beaker  for  titra- 
tion, an  operation  which  Pisani  recommended,  and  which  is  cus- 
tomary in  the  determination  of  iron  by  this  method.  It  is  now 
evident  that  the  failure  of  the  method  was  due  to  the  contact  of 

1  Compt.  rend,y  59,  389. 
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the  solutions  with  atmospheric  air,  for,  while  ferrous  sulphate  is 
acted  upon  very  slowly,  the  sulphate  corresponding  to  the  lower 
oxide  of  titanium  is  very  rapidly  oxidized  under  such  circum- 
stances. 

Marignac,'  with  his  accustomed  skill,  applied  Pisani's  method, 
soon  after  its  publication,  to  the  determination  of  titanic  acid  in 
the  presence  of  niobic  acid.  He  was  obliged  to  use  special  con- 
ditions in  order  to  avoid  the  reduction  of  the  other  acid  at  the 
same  time,  but  the  feature  of  his  process  which  is  interesting  in 
the  present  connection  is  that  he  reduced  the  titanic  acid  by 
means  of  a  long  rod  of  pure  zinc  extending  up  into  the  neck  of 
the  flask  which  held  the  solution,  and,  after  allowing  the  reduc- 
tion to  take  place  out  of  contact  with  air,  he  finally  took  out  the 
zinc  and  titrated  directly  in  the  flask  without  transferring. 
Marignac  gave  a  number  of  test  analyses  which  showed  that  the 
method  gave  very  good  results,  although  they  were  a  little  too 
low  with  the  larger  quantities  of  titanic  acid  used. 

We  have  modified  the  method  of  Pisani  as  improved  by 
Marignac  by  using  sulphuric  acid  solutions  and  by  protecting 
the  liquid  during  cooling  and  titration  by  means  of  carbon  diox- 
ide, and  we  have  also  arranged  the  process  for  the  determina- 
tion of  iron  along  with  the  titanic  acid.  The  details  of  the 
operation  are  as  follows : 

Five  grams  of  very  finely  pulverized  ore  are  placed  in  a  rather 
large  beaker  covered  with  a  watch-glass  and  treated  with  about 
100  cc.  of  concentrated  hydrochloric  acid.  A  very  gentle, 
gradually  increasing  heat  is  applied  for  several  hours,  more 
hydrochloric  acid  is  added  if  necessary,  and  when  no  further 
action  is  apparent  about  fifty  cc.  of  a  mixture  of  equal  volumes  of 
concentrated  sulphuric  acid  and  water  are  added  and  the  whole 
is  evaporated  until  the  sulphuric  acid  fumes  strongly.  After 
cooling,  about  200  cc.  of  water  are  added,  the  whole  is  heated 
until  the  sulphates  are  dissolved,  and  the  liquid  is  filtered  into  a 
liter  flask.  With  many  titanic  ores  this  operation  will  have  dis- 
solved everything  except  silicious  matter.  If,  however,  some 
undissolved  ore  remains,  it  is  ignited,  to  burn  the  filter-paper, 
in  a  platinum  crucible,  and  the  residue  is  fused  with  potassium 

1  Ztschr.  anal.  Chem,,  y,  1x2. 
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disulphate,  at  a  gradually  increasing  heat,  up  to  low  redness, 
until  the  black  particles  have  disappeared.  To  the  cake  in  the 
crucible  several  volumes  of  concentrated  sulphuric  acid  are 
added,  heat  is  gradually  applied  until  the  whole  becomes  liquid, 
then  this  is  heated  with  a  moderate  volume  of  water  to  dissolve 
the  sulphates,  and  the  liquid  is  added  to  the  main  solution  in  the 
liter  flask.  Filtration  may  be  omitted  here,  or  in  the  case  of  the 
original  solution,  provided  that  the  silicious  matter  is  not  to  be 
weighed. 

The  liquid  in  the  liter  flask  is  diluted  to  the  mark  and  mixed, 
and  four  portions  of  200  cc.  each,  representing  one  gram  of  ore, 
are  taken,  two  of  them  into  Erlenmeyer  (conical)  flasks  of  500 
cc.  capacity,  and  the  other  two  into  ordinary  flasks  of  350  cc. 
capacity. 

To  determine  iron,  hydrogen  sulphide  is  passed  into  the  solu- 
tions in  the  ordinary  flasks  until  they  are  saturated  with  the 
gas,  then  inverted  porcelain  crucible  covers  are  placed  upon  the 
mouths  of  the  flasks  and  the  solutions  are  heated  and  boiled 
continuously,  so  that  air  cannot  enter,  until  the  hydrogen  sul- 
phide has  been  completely  removed.  This  point  can  be  deter- 
mined by  testing  the  escaping  steam  with  paper  which  has  been 
dipped  in  a  solution  of  lead  acetate  made  strongly  alkaline  with 
potassium  hydroxide.  The  flasks  are  then  quickly  filled  to  the 
neck  with  cold  distilled  water  which  has  been  recently  boiled, 
best  by  means  of  an  inverted  wash-bottle,  directing  the  stream 
against  the  neck  of  the  flask  in  such  a  way  that  the  water  does 
not  mix  to  a  great  extent  with  the  heavier  sulphuric  acid  solu- 
tion. If  the  stream  of  cold  water  does  not  strike  the  top  of  the 
neck,  there  is  little  danger  of  breaking  the  hot  glass.  The  con- 
tents of  the  flasks  are  now  rapidly  cooled  by  means  of  a  stream 
of  water,  transferred  to  large  beakers,  and  titrated  with  potas- 
sium permanganate  solution. 

To  the  solutions  in  the  Erlenmeyer  flasks  about  twenty-five 
cc.  of  concentrated  sulphuric  acid  are  added,  then  in  each  case 
three  or  four  rods  of  chemically  pure  zinc,*  about  fifty  mm.  long 
and  six  or  seven  mm.  in  diameter,  are  attached  to  the  loop  of  a 
porcelain  crucible  cover,  which  is  larger  than  the  mouth  of  the 
flask,  by  means  of  platinum  wire  wound  securely  around  them 
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near  the  middle.  TEe  length  of  the  wire  is  so  arranged  that 
the  pieces  of  zinc  will  be  suspended  in  the  liquid  when  the  cover 
is  placed  on  the  flask.  When  this  has  been  accomplished  the 
liquid  is  boiled  gently,  so  as  to  keep  out  air,  for  thirty  or  forty 
minutes,  then,  without  interrupting  the  boiling,  a  glass  tube,  so 
bent  that  it  extends  fif^y  mm.  or  more  into  the  flask,  which  is 
delivering  a  rather  rapid  stream  of  carbon  dioxide,  is  introduced 
under  the  cover.  Care  should  be  taken  to  have  the  carbon  diox- 
ide free  from  air,  and  that  hydrochloric  acid  which  contains  sul- 
phur dioxide  is  not  used  for  its  generation.  The  flask  is  now 
rapidly  cooled,  and  then  the  zinc  is  washed  with  a  jet  of  water 
and  removed,  and  the  solution  is  titrated  with  permanganate  in 
the  flask  while  the  carbon  dioxide  is  still  being  passed  in.  The 
difference  between  the  permanganate  used  in  this  case,  and  that 
used  for  the  iron  alone,  represents  the  amount  corresponding  to 
the  titanic  acid.  The  factor  for  metallic  iron  divided  by  0.7 
gives  the  factor  for  titanic  acid  (TiO,). 

When  a  fifty  cc.  burette  is  used,  the  most  convenient  strength 
for  the  permanganate  solution  is  when  one  cc.  is  equal  to  about 
0.014  grams  of  metallic  iron,  corresponding  to  seven  and  nine- 
tenths  grams  of  potassium  permanganate  per  liter. 

It  is  customary  in  this  laboratory  to  standardize  permanganate 
solutions  by  a  method  which  very  closely  approaches  the  one 
described  above  for  the  actual  determination  of  iron,  so  that,  if 
any  slight  errors  are  inherent  in  the  process,  they  are  likely  to 
be  eliminated  because  they  have  an  equal  effect  upon  the  stand- 
ardization and  the  determination.  The  method  is  simple  and 
convenient,  and  a  large  amount  of  experience  has  shown  it  to 
be  very  accurate.  To  carry  out  this  operation,  a  350  cc.  flask  is 
half  filled  with  sulphuric  acid,  (the  strong  acid  diluted  with 
about  eight  volumes  of  water).  This  is  heated  to  boiling  with 
an  inverted  crucible  cover  upon  the  mouth  of  the  flask,  and  after 
^•he  air  has  been  expelled,  about  six-tenths  gfam  of  the  purest 
iron  wire,  representing  nearly  the  average  amount  of  iron  in  one 
gram  of  an  ore,  is  dropped  in  and .  gentle  boiling  is  continued 
until  it  has  dissolved.  The  flask  is  filled  to  the  neck  with  water, 
cooled  and  finally  the  liquid  is  transferred  to  a  beaker  and 
titrated. 
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The  method  of  determining  iron  by  reduction  with  hydrogen 
sulphide,  although  well  known,  does  not  appear  to  be  as  gener- 
ally used  as  it  deserves  to  be.  The  precipitated  sulphur  present 
in  the  liquid  has  absolutely  no  effect  upon  cold  permanganate 
solution,  but  precipitated  sulphides,  such  as  copper  sulphide, 
should  be  filtered  off  before  boiling.  Since  concentrated  sul- 
phuric acid  is  an  oxidizing  agent,  care  must  be  taken  to  use 
sufficiently  dilute  solution,  and  not  boil  them  down  until  the  acid 
becomes  strong. 

We  have  made  some  test  analyses  upon  the  method  of  determin- 
ing titanic  acid  volumetrically.  Crude  potassium  titanofluoride, 
K,TiF„  was  recrystallized  twice  from  water  and  used  as  the 
source  of  titanium.  Weighed  quantities  of  the  carefully  dried 
salt  were  evaporated  with  sulphuric  acid,  and  the  resulting  sub- 
stance was  treated  essentially  as  has  been  described  above,  but 
with  some  variations  in  the  time  of  boiling,  the  strength  of  the 
acid  and  the  amount  of  zinc  used.  The  following  table  gives 
the  results  obtained  in  grams  : 


Potassium  titanofluoride 

Titanium 

Titanium 

taken. 

found. 

calculated. 

Error. 

0.7638 

0.1437 

0.1527 

— 0.0090 

0.6425 

0.1225 

0.1285 

1—0.0060 

0.7778 

0.1524 

0.1555 

— 0.0031 

0.6793 

0.1308 

0.1358 

—0.0050 

0.8226 

0.1607 

0.1645 

— 0.0038 

1.0956 

0.2107 

O.2191 

^.0084 

0.445^ 

0.0848 

0.0890 

— 0.0042 

0.6359 

O.1215 

O.1271 

— 0.0056 

0.9004 

O.1715 

0.1800 

^-0.0085 

0.4634 

0.0882 

0.0926 

^-0.0044 

The  results  show  a  fair  degree  of  uniformity,  but  they  are  inva- 
riably too  low.  A  part  of  the  deficiency  was  probably  due  to 
the  impurities  in  the  potassium  titanofluoride  used,  for  it  is 
quite  possible  that  certain  impurities  may  have  been  increased 
rather  than  diminished  by  recrystallizing  it,  and  it  is  exceed- 
ingly difl&cult  to  obtain  any  titanium  compound  that  is  certainly 
free  from  all  other  acid-forming  elements.  The  greater  portion 
of  the  error  was  doubtless  due  to  the  action  of  air  which  gained 
access  to  the  liquid  in  spite  of  the  precautions  used,  and  it  is 
evident  that  the  accuracy  of  determinations  made  by  this  method 
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would  be  increased  by  adding  one-twentieth  or  one-thirtieth  to 
the  amount  of  titanic  acid  found  under  the  conditions  that  we 
have  used. 

The  great  influence  of  the  action  of  aii:  is  shown  by  two 
determinations  which  were  made  exactly  like  those  given  in  the 
above  table,  except  that,  after  cooling  in  carbon  dioxide,  the 
solutions  were  transferred  to  beakers  and  titrated  as  quickly  as 
possible. 

titfltu>flnnrid#  TiiAniutn  Titanium 

Error. 

0.0288 
0.0374 

The  volumetric  method,  even  without  correction,  will  be  likely 
to  give  more  reliable  results  than  those  obtained  by  gravimetric, 
determination,  unless  great  care  and  skill  are  displayed  in  car- 
rjdng  out  the  latter. 

Shbpfibld  Scibntxfic  School, 
New  Haven,  Conn. 


Potassium  titanofluoride 
taken 

Titanium 
Pound. 

Titanium 
calculated. 

0.6831 

0.1078 

0.1366 

0.9545 

0.1535 

0.1909 

ARSENIC  IN  GLYCEROL.' 

By  G.  H.  Barton. 

Received  September  9,  1895. 

IN  following  up  the  literature  of  glycerol  I  find  that  the  first  to 
note  the  presence  of  arsenic  in  the  medicinal  article  was 
Jahns,'  but  he  apparently  did  not  investigate  the  subject  thor- 
oughly. 

E.  Ritsert'  was  the  next  to  take  the  subject  up.  He  showed 
the  presence  of  arsenic  in  seven  samples  of  medicinal  glycerol, 
by  the  following  test,  which  he  says  shows  o.ooi  mg.  in  one  cc. 
while  the  Marsh  test  shows  only  o.oi  mg.  in  one  cc.  One  cc.  of 
glycerol  is  placed  in  a  small  measuring  cylinder  and  to  this  one 
cc.  of  water  is  added,  together  with  fifteen  drops  of  hydro- 
chloric acid  and  0.6  gram  zinc.  The  top  of  the  cylinder  is  cov- 
ered with  filter-paper,  moistened  with  a  i :  i  silver  nitrate  solu- 
tion or  saturated  mercuric  chloride  solution,  and  a  yellow  stain  is 
obtained  on  the  paper  if  arsenic  is  present.  Ritsert  also  states 
that  ammoniacal  silver  nitrate  solution  is  a  good  reagent  for 
arsenious  acid  and  that  the  arsenious  acid  present  probably 

1  Read  at  the  Springfield  Meeting. 

2  Pharm.  Ztg.,  1888,  652. 

s  Pharm.  Ztg.»  iS88^  715,  and  1889, 104,  360  and  635. 
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explains  the  difference  in  the  indications  given  by  litmus  and 
phenolphthalein  as  observed  by  him.  He  gives  as  the  probable 
source  of  the  arsenic  found,  the  sulphuric  acid  used  in  the  course 
of  manufacture.  Issue  is  taken  with  G.  B.  Smith/  who  states 
that  glycerol  itself  reduces  silver  nitrate,  and  hence  ammonio- 
silver  nitrate  can  not  be  used  to  detect  arsenic. 

An  abstract  of  an  article  by  G.  Vulpius*  gives  the  cost  of  an 
article  free  from  arsenic  as  ten  per  cent,  more  than  the  current 
price. 

L.  Siebold'  on  **  Arsenic  in  Glycerol,"  finds  from  one  in  4000 
to  one  in  6000  parts  of  arsenious  acid  in  glycerol  used  for  per- 
fuming and  medicinal  purposes,  and  in  one  case  one  part  in  2500 
parts.  All  glycerols  free  from  arsenic  were  traced  to  one  process 
described  as  that  **  by  which  as  a  rule  glycerol  used  for  dispens-' 
ing  purposes  is  understood  to  be  made.'*  He  ascribes  the  pres- 
ence of  arsenic  in  some  cases  to  the  solution  of  the  arsenic 
present  in  the  glass  of  the  bottle,  but  this  has  never  been  con- 
firmed and  hardly  seems  probable. 

Dr.  Benno  Jaff6*  attacks  the  ammonio  silver  nitrate  test  which 
he  claims  to  be  of  no  value  as  it  does  not  give  constant  results, 
either  for  arsenic  or  acrolein  and  similar  bodies. 

J.  Luttk6,*  after  an  elaborate  examination  of  twenty-one  sam- 
ples confirms  Jaffa's  conclusions  and  points  out  as  among  the 
disturbing  causes,  chlorides  and  organic  acids. 

There  can  be  no  doubt  of  the  presence  of  arsenic  in  some  gly- 
cerol, but  I  have  found  no  one  except  Siebold  who  has  attempted 
to  give  any  idea  of  the  quantity,  and  while  he  does  not  give  the 
method  used  in  obtaining  the  results  stated,  I  infer  from  the 
text  that,  using  either  silver  nitrate  or  mercuric  chloride  to  ab- 
sorb the  hydrogen  arsenide,  he  has  compared  the  depth  of  color 
obtained  \vith  that  given  by  known  quantities  of  arsenious  acid. 
A  few  experiments  led  me  to  think  that  this  cannot  be  a  very 
accurate  method  at  best,  so  I  set  about  to  apply  the  method  given 
by  Sanger,  for  the  estimation  of  arsenic  in  wall  paper*  which 

iNed.  Tijscnr.  v.  Pharm.,  1889^  i43- 

2  Apoth.  Zeit,  1889,  4.  439 ;  /•  Soc.  Chem^  Ind,^  8,  ^9. 

s  Pharm.  J.  Trans.  [3],  ao,  205. 

4  Chem.  Ztg.,  i8go,  14,  1493. 

<»  Apoth.  Ztg.^  189/ y  6,  263. 

A  Proc.  Amer.  Acad.,  a6, 24. 
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consists  of  comparing  the  mirrors  obtained  in  a  modified  form 
of  the  Marsh  apparatus  with  those  prepared  from  known  quan- 
tities of  arsenious  oxide  in  solution  as  sodium  arsenite. 

The  apparatus  as  described  by  Sanger  consists  of  a  constant 
hydrogen  generator,  filled  with  chemically  pure  sulphuric  acid 
and  zinc,  a  smaller  reduction  flask  having  a  thistle  tube  for  intro- 
ducing acid  and  solutions  to  be  treated  and  which  of  course  con- 
tains a  small  amount  of  chemically  pure  acid  and  zinc,  a  drying 
tube  containing  calcium  chloride,  and  finally  a  reduction  tube  in 
which  the  mirror  is  obtained. 

The  cost  of  using  chemically  pure  acid  and  zinc  in  the  con- 
stant hydrogen  generator  would  of  course  be  great,  and  the  first 
point  I  turned  my  attention  to  was  a  method  for  purifying  the 
hydrogen  generated  by  impure  acid  and  zinc  so  that  the  constant 
generator  could  be  run  at  a  reasonable  cost.  .  I  found  that  by 
passing  the  hydrogen  through  silver  nitrate  solution,  the  arsen- 
ic was  removed  entirely,  according  to  the  well-known  reaction : 
AsH.+  6AgNO.  -f  3H.O=  H.AsO,  +  6HN0.H-  3Ag,. 

Another  improvement  in  the  apparatus  as  I  used  it  was  the 
substitution  of  a  small  separating  funnel  for  the  thistle  tube  in 
the  reduction  flask.  This  prevented  the  escape  of  any  gas  at 
that  point  while  the  former  arrangement  allowed  a  variable 
quantity  to  escape. 

The  apparatus  as  finally  used  in  this  work,  consisted  of  a  con- 
stant hydrogen  generator,  using  impure  acid  and  zinc,  a  wash 
bottle  containing  silver  nitrate  solution,  a  wash  bottle  containing 
water  to  remove  any  traces  of  silver  nitrate  solution  which  the 
gas  might  carry  mechanically  and  which  would  otherwise  hold 
back  some  of  the  arsenic  in  the  reduction  flask,  a  reduction  flask, 
with  separating  funnel  as  before  described,  a  drying  tube  con- 
taining calcium  chloride,  and  finally  the  reduction  tube. 

The  efficiency  of  the  silver  nitrate  solution  was  proven  by 
running  over  one  hundred  hours  without  obtaining  a  mirror, 
whereas  a  mirror  could  be  obtained  in  from  five  to  ten  minutes 
irom  the  same  hydrogen  not  passed  through  silver  nitrate. 
Using  the  ordinary  acid  and  zinc  of  the  laboratory,  I  found  an 
amount  of  silver  nitrate  solution  representing  one  gram  of  the 
salt  prevented  the  formation  of  a  mirror  for  over  two  hundred  hours. 
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The  mode  of  operating  did  not  differ  essentially  from  that 
described  by  Sanger.  The  apparatus  was  first  filled  with  hydro- 
gen, the  reduction  flask  containing  at  this  time  only  the  pure 
zinc,  of  which  about  three  grams  were  used.  The  jet  at  the  end 
of  the  reduction  tube  was  then  lit  and  the  tube  heated  at  the 
proper  place,  after  which  a  little  sulphuric  acid  was  introduced 
into  the  reduction  flask  and  the  action  allowed  to  go  on  for  a 
few  minutes  to  prove  the  purity  of  the  reagents.  The  solution 
to  be  treated  was  then  added  and  washed  in  by  more  acid,  or 
water  where  the  glycerol  was  added  directly  to  the  flask. 

The  acid  used  was  about  one  to  eight  and  by  slightly  varying 
these  proportions  it  was  found  possible  to  get  along  without 
cooling  the  flask.  No  two  samples  of  zinc  were  found  to  con- 
tain the  same  amount  of  carbon  or  at  least  to  dissolve  with  the 
same  rapidity  so  that  a  careful  adjustment  of  the  acid  is  neces- 
sary for  each  lot  and  as  large  an  amount  as  possible  should  be 
granulated  at  one  time.  It  is  also  necessary  to  have  standard 
mirrors  made  at  different  speeds  to  counterbalance  the  slight 
differences  which  are  unavoidable. 

The  calcium  chloride  tube  should  be  carefully  looked  after  in 
order  that  the  gas  may  be  perfectly  dry.  I  have  found  it  best  to 
ignite  the  article  furnished  by  the  makers  before  using.  It  is 
also  a  good  plan  to  attach  the  bellows  and  blow  through  it  a  few 
moments  after  filling,  to  remove  any  slight  amount  of  dust  that 
might  otherwise  be  carried  into  the  reduction  tube. 

The  glass  used  for  the  reduction  tube  should  be  of  the  hardest 
obtainable.  I  have  found  great  variations  in  different  pieces  of 
the  same  lot.  It  would  be  of  advantage  if  glass  were  carefully 
selected,  and  if  necessary  carefully  tested,  could  be  quoted  by 
dealers,  as  otherwise  a  large  amount  of  tubing  is  accumulated 
too  hard  for  ordinary  work  but  not  hard  enough  for  this  pur- 
pose. Great  care  should  always  be  taken  to  get  tubes  uniform 
at  the  point  of  deposition  and  in  spite  of  this  it  was  found  neces- 
sary to  have  several  mirrors  of  each  grade. 

A  small  white  mirror  was  found  to  form  beyond  the  arsenic 
mirror  in  those  tubes  representing  small  amounts  but  in  those 
obtained  from  larger  amounts  either  wholly  or  partly  coinciding. 
In  the  latter  case  the  arsenic  mirror  took  on  a  totally  different 
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color,  the  characteristic  brown  of  the  pure  arsenic  mirror  becom- 
ing black.  This  mirror  was  without  doubt  in  some  cases  partly 
due  to  moisture,  and  showed  minute  drops  when  examined  under 
a  lens.  It  also  seemed  to  be  less  with  the  harder  glasses. 
After  having  used  fresh  calcium  chloride  and  the  hardest  glass 
obtainable,  the  only  resource  is  in  having  standard  mirrors 
representing  all  possible  variations. 

Another  trouble  was  found  to  be  the  deposition  of  the  arsenic 
in  two  mirrors  entirely  apart.  This  Gooch  and  Moseley*  sug- 
gest to  be  due  to  the  formation  of  two  allotropic  forms  of  arsenic 
by  the  too  high  heating  of  the  reduction  tube.  They  avoid  this 
by  enclosing  the  reduction  tube  in  an  iron  or  nickel  jacket. 
Here  again  several  mirrors  of  each  standard  amount  are  a 
remedy. 

Having  obtained  a  sufficient  number  of  standard  mirrors  eight 
samples  of  glycerol,  such  as  is  ordinarily  sold  by  the  druggists  of 
this  city  were  procured.  Six  represented  the  best  American 
makers  and  two  were  imported. 

Five  grams  of  each  sample  were  treated  with  five  cc.  of  a  mixture 
of  thirty  parts  sulphuric  acid  and  one  part  nitric  acid  and  the 
mixture  heated  carefully  with  constant  stirring  till  a  dry  charred 
mass  giving  off  sulphur  dioxide  was  obtained.  This  was  then 
allowed  to  cool  and  about  ten  cc.  of  water  added  and  then  the 
mass  again  heated  till  sulphur  dioxide  was  given  off.  After 
cooling  about  fifteen  cc.  of  water  was  added  and  the  mixture 
boiled  vigorously  to  expel  sulphur  dioxide.  The  liquid  was  then 
filtered  off  and  water  added  as  before,  boiled  and  again  filtered. 
This  was  repeated  twice  to  insure  the  complete  extraction  of 
the  arsenic  from  the  charred  mass.  The  solution  thus  obtained 
was  added  to  the  reduction  flask  and  the  usual  process  carried 
out.  Five  of  the  eight  samples  showed  arsenic  in  variable 
amounts. 

To  prove  that  arsenic,  if  present,  would  be  shown  by  this 
course  of  manipulation,  five  grams  of  glycerol  showing  no  arsenic 
were  weighed  out  and  one  cc.  of  an  arsenic  solution  added. 
This  mixture  was  treated  exactly  as  the  other  samples  had  been 
and  no  arsenic  mirror  obtained.     From  this  and  the  comparison 

1  Am.  J.  Sci.,  48»  »9A' 
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of  these  mirrors  with  those  obtained  by  other  processes,  I  con- 
cluded that  some,  at  least  of  the  samples  contain,  or  are  decom- 
posed into  something  capable  of  holding  black  arsenic.  This 
leads  to  the  query :  What  is  the  effect  of  the  combined  glycerol 
present  in  the  toxicological  examination  for  arsenic  ?  May  not 
the  trouble  with  the  glycerol  be  due  to  a  decomposition  product 
which  would  also  be  formed  in  the  supposed  cas6  ?  I  have  not 
had  time  to  investigate  this  important  point. 

Five  grams  of  the  same  glycerol  used  in  the  previous  experiment 
were  then  added  direct  to  the  reduction  flask  after  diluting  with 
water  and  arsenic  in  small  quantities  was  obtained.  One  cc.  of 
the  arsenic  solution  was  then  added  to  the  glycerol  and,  after 
diluting,  the  reduction  carried  out  at  once  as  in  the  previous 
experiment  and  an  amount  of  arsenic  equal  to  that  in  the  one 
cc.  of  solution  arid  five  grams  of  glycerol,  obtained.  After  trying 
several  plans  this  method  was  finally  chosen  as  both  the  quickest 
and  most  accurate. 

The  following  quantities  of  arsenious  oxide  (As,0,)  were 
obtained  in  the  eight  samples : 

No.  No. 

1 trace.      5  faint  trace. 

2  0.08  mg.    6  trace. 

3  faint  trace.    7  0.004  nig. 

4 none.  8  0.003  nig. 

To  prove  that  the  mirrors  obtained  were  due  to  arsenic  and 
nothing  else,  mirrors  were  heated  gently  and  moist  hydrogen 
sulphide  passed  through  them.  In  this  manner  part  of  the 
arsenic  was  changed  to  the  yellow  sulphide.  Some  of  the  gas 
from  the  reduction  flask  was  passed  into  silver  nitrate  solution 
and  a  black  precipitate  of  metallic  silver  obtained.  On  carefully 
neutralizing  with  ammonium  hydroxide  a  yellow  precipitate  of 
silver  arsenite,  soluble  in  excess,  and  also  in  nitric  acid  was  ob- 
tained. The  nitric  acid  solution  was  precipitated  with  hydro- 
chloric acid,  a  clean  copper  wire  added  and  the  solution  wanned. 
A  grey  coating  formed  on  the  copper.  Blank  experiments 
showed  the  reagents  to  be  pure. 

From  the  above  there  can  be  no  doubt  but  that  arsenic  was 
present  in  the  glycerols  examined. 

The  method  mentioned  by  several  authors,  namely,  diluting 
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the  glycerol  with  an  equal  volume  of  water,  adding  hydrochloric 
acid  and  then  metallic  zinc,  and  obtaining  a  yellow  coloration  on 
a  filter-paper  moistened  with  either  silver  nitrate  solution  (1:1) 
or  saturated  mercuric  chloride  solution  was  tried.  A  twenty-five 
cc.  measuring  cylinder  was  used  and  the  paper  fastened  tightly 
over  the  mouth,  the  gas  escaping  at  the  nose.  In  this  manner 
using  the  silver  nitrate  solution  the  test  was  found  to  be  about 
five  times  as  delicate  as  the  Marsh  test  used,  and  a  trace  of 
arsenic  was  found  in  sample  No.  4,  which  had  shown  none  in  the 
Marsh  test.  The  coloration  was  not  permanent  enough,  owing 
to  the  action  of  light  and  other  causes  to  be  compared  with 
standards  made  with  permanent  coloring-matters.  The  test 
with  mercuric  chloride,  carried  out  in  the  same  way,  was  not 
quite  as  delicate  as  the  Marsh  test.  It  would  hardly  be  possible 
by  comparing  with  standards  to  make  this  a  quantitative  method 
as  accurate  as  the  Sanger-Berzelius-Marsh  test.  It  is  to  be  noted 
that  sample  No.  2,  which  showed  the  largest  amount,  contained 
0.08  arsenious  oxide  or  one  part  in  62500,  while  Siebold  reports 
as  much  as  one  part  in  2500  in  one  case.  Seventy  mg.  is  the 
smallest  dose  known  to  have  produced  death  according  to  Tan- 
ner* which  would  be  equivalent  to  the  amount  in  over  four  liters 
of  glycerol  No.  2,  or  to  150  cc.  of  Siebold's  worst  sample. 
Although  arsenic  is  slowly  eliminated  from  the  system,  still  it 
would  be  quite  possible  by  the  indiscriminate  use  of  sample 
No.  2,  for  some  time,  to  accumulate  enough  in  the  system  to 
cause  death.  Certainly  the  above  figures  are  worthy  of  note 
by  persons  using  glycerol  for  medicinal  purposes. 

So-called  C.  P.  glycerol  *is  often  recovered  from  the  waste 
products  of  the  soap  manufactories,  and  in  this  case  the  presence 
of  arsenic  is  accounted  for  as  follows :  Starting  with  arsenical 
oil  of  vitriol,  the  arsenic  is  changed  in  the  hydrochloric  acid  still 
to  the  chloride,  which  distils  over  with  the  acid.  On  neutraliz- 
ing the  spent  lyes  with  hydrochloric  acid  the  arsenic  remains  in 
the  solution  and  is  repeatedly  distilled  over  with  the  glycerol. 

In  this  connection  I  may  say  that  I  found  no  hydrochloric  acid 
in  this  laboratory  free  from  arsenic  as  shown  by  the  yellow  stain 
in  the  silver  nitrate  test,  but  had  no  trouble  in  preparing  such 

1  Memoranda  of  Poisons,  p.  69. 
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an  article  from  chemically  pure  sulphuric  acid  which  I  had 
proven  to  contain  no  arsenic. 

In  conclusion  I  take  pleasure  in  acknowledging  my  deep  in- 
debtedness to  Dr.  Charles  E.  Munroe  for  his  many  suggestions. 

Thb  Columbian  Univbhsity, 
Washington,  D.  C. 


THE  OCCURRENCE  OF  TRIHETHYLENE  GLYCOL  A5  A 
BY-PRODUCT  IN  THE  GLYCEROL  MANU- 
FACTURED 

By  Arthur  A.  Noyes  and  Willard  H.  Watkins. 

Received  September  9,  1895. 

DURING  the  past  winter  our  attention  was  called  to  an 
unusual  difficulty  experienced  by  one  of  the  soap-making 
firms  in  the  neighborhood  of  Boston  in  obtaining  their  glycerol 
of  the  required  commercial  gravity.  The  information  furnished 
in  legard  to  it  indicated  the  presence  in  the  glycerol  of  some 
uncommon  impurity,  and  a  considerable  quantity  of  the  **  light 
stuff  *  *  having  been  generously  placed  at  our  disposal  by  the 
soap  company,  we  were  enabled  to  investigate  it.  It  was  sub- 
mitted to  fractional  distillation,  first  at  diminished  and  then  at 
ordinary  pressure,  and  a  liquid  boiling  between  214°  and  217**  at 
760  mm.  pressure  was  thus  separated  from  it.  This  liquid  was 
found  to  have  a  specific  gravity  of  1.056  at  f^,  and  gave  the 
following  results  on  analysis  : 

0.2293  gram  substance  gave  0.3998  gram  carbon  dioxide  and 
0.2158  gram  water. 

Found.  Calculated  for  CsHgOs. 

Carbon 47-5^  47-37 

Hydrogen 10.46  iO-53 

The  substance  is  therefore  trimethylene  glycol,  which  has  a 
boiling-point  of  214°  and  a  specific  gravity  at  V°°  ^^  1.0526. 
The  isomeric  propylene  glycol  boils  at  i88**-i89**  and  has  a 
specific  gravity  of  1.0403  at  ^y^-.  The  ** light  stuff*'  contained 
a  very  considerable  proportion,  about  thirty-eight  per  cent,  of 
glycol. 

The  origin  of  the  glycol  is  a  matter  of  considerable  interest. 
There  is  little  doubt  that  it  was  produced  by  fermentation  of  the 

1  Read  at  the  Springfield  meeting. 
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glycerol.  For  it  has  already  been  shown  by  Freund^  that  tri- 
methylene  glycol  is,  in  fact,  one  of  the  principal  fermentation 
products  of  that  substance.  It  is  moreover  highly  probable  that 
the  glycol  was  present  in  the  fat  before  saponification  by  the 
alkali,  as  the  fermentation  can  hardly  have  taken  place  in  the 
soap  lye,  both  on  account  of  its  saline  character,  and  on  account 
of  the  short  time  intervening  between  the  saponification  and  the 
recovery  of  the  glycerol.  It  had  probably  been  produced  in  the 
fat  by  spontaneous  saponification  and  subsequent  fermentation 
of  the  glycerol.*  Refuse  house  fat  formed  a  considerable  part 
of  the  soap  stock. 

The  presence  of  the  glycol  in  glycerol  used  for  making  nitro- 
glycerol  might  be  a  source  of  danger,  since  it  reacts  with  nitric 
acid  with  explosive  violence.  Its  presence  would  be  detected  in 
the  usual  examination  by  a  low  specific  gravity  accompanied 
by  a  high  oxidation  equivalent  as  shown  by  the  bichromate 
titration. 

Massachusetts  Institute  of  Technology, 
Boston,  Mass. 
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By  Francis  C.  Phillips. 
Received  September  9,  1895. 

THIS  method  is  based  upon  the  assumption  that  when  iron 
is  dissolved  in  an  acid  any  sulphur  that  may  occur  in 
the  iron  unites  with  the  escaping  hydrogen,  forming  hy- 
drogen sulphide.  In  the  usual  mode  of  conducting  the 
process  the  impure  hydrogen  evolved  is  led  into  a  suitable 
absorbent  and  the  sulphur  finally  determined,  either  by  oxida- 
tion and  precipitation  as  barium  sulphate,  or  by  a  volumetric 
method.  In  applying  the  process  Fresenius*  directs  that  the 
iron  be  dissolved  in  dilute  hydrochloric  acid.  Von  Reis*  and 
Blair*  concur  in  this  recommendation,  as  does  also  Dudley  in 

1  Monatsh.  Chem.,  a,  638. 

s  Mr.  E.  Twitchell  of  Cincinnati  informs  us  that  he  hfts  found  the  glycol  present  in 
considerable  quantity  in  the  '*tank  liquor"  separating  from  the  fat  before  saponifica- 
tion. 

•  Read  at  the  Springfield  meeting. 

*  Quant  Analyse,  7577,  428. 
s  Stahl-eisen,  1894, 963. 

«  Chemical  analysis  of  Iron,  p.  54* 
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the  published  directions  for  the  determination  of  sulphur  in  cast- 
iron,  issued  by  the  Pennsylvania  Railroad  Company. 

For  the  absorption  of  the  hydrogen  sulphide  various  reagents 
have  been  recommended.  Johnson'  proposed  the  use  of  a  bro- 
mine solution.  Blair  absorbs  the  hydrogen  sulphide  in  an 
alkaline  solution  of  lead  acetate,  oxidizes  the  resulting  lead 
sulphide,  and  precipitates  the  sulphuric  acid  as  barium  sul- 
phate. According  to  the  usage  at  many  iron  works  the  gases 
are  led  into  an  ammoniacal  cadmium  chloride  solution  which  is 
afterwards  acidulated  and  the  sulphur  determined  volumetric- 
ally  by  standard  iodine.  In  order  to  complete  the  expulsion  of 
the  hydrogen  sulphide  from  the  solution  of  ferrous  chloride  a 
stream  of  carbon  dioxide  has  been  generally  employed.  Blair 
uses  for  this  purpose  a  current  of  hydrogen,  while  Dudley  states 
that  neither  gas  has  any  advantages  over  air  used  in  a  slow 
stream.  In  iron- works  laboratories  it  is  a  generally  recognized 
fact  that  in  the  use  of  the  evolution  method  for  certain  cast-irons, 
notably  those  containing  a  high  percentage  of  combined  carbon, 
an  error  is  liable  to  occur,  and  in  cases  where  great  accuracy  is 
required  the  aqua  regia  method  is  usually  preferred. 

It  is  common  to  find  that  during  the  solution  of  cast-iron  in  an 
acid  there  is  produced  a  considerable  quantity  of  strong  smelling 
gaseous  hydrocarbons.  The  interior  surface  of  the  flask  becomes 
coated  with  minute  drops  of  an  oily  liquid  which  adheres  to  the 
glass  and  is  not  miscible  with  water.  There  can  be  little  doubt 
that  the  loss  of  sulphur  which  often  results  in  its  determination 
by  the  evolution  method  is  dependent  largely  upon  the  forma- 
tion of  these  organic  compounds  during  the  solution  of  the  iron. 

It  is  common  to  find  that  the  white  irons  dissolve  in  acid  leav- 
ing a  nearly  white  silicious  residue  of  a  somewhat  flocculent 
character.  This  residue  contains  a  varying  amount  of  sulphur, 
which  is  insuflRcient,  however,  to  account  for  the  low  results 
sometimes  obtained  in  the  determination. 

It  has  been  attempted  to  explain  the  error  on  the  hypothesis 
that  sulphur  exists  in  iron  in  more  than  one  modification,  that 
that  portion  of  the  sulphur  which  occurs  in  the  ordinary  form 

1-  Ztschr.  anal.  Chem.^  '^74' 
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passes  readily  into  hydrogen  sulphide  on  its  elimination  from 
the  iron  by  the  action  of  the  hydrochloric  acid,  while  another 
portion  existing  in  some  unknown  modification,  is  not  converted 
into  hydrogen  sulphide,  but  remains  passively  in  the  residue  and 
is  thus  lost  in  the  determination. 

Such  an  assumption  involves  a  difiiculty.  It  is  not  usually 
considered  necessary  in  drder  to  explain  the  chemical  changes 
undergone  by  the  elements  of  a  compound  to  suppose  that  the 
atoms  of  carbon,  hydrogen  or  sulphur  exist  in  the  compound  in 
forms  different  from  those  in  which  we  know  them  in  other  com- 
pounds. Of  the  six  hydrogen  atoms  in  alcohol  one  differs  from 
the  others  as  to  its  behavior  towards  oxidizing  agents.  The  sup- 
position that  there  are  two  allotropic  forms  of  hydrogen  in  alco- 
hol would  hardly  be  accepted,  however,  for  it  is  commonly 
believed  to  be  the  mode  of  linking  of  the  atoms  rather  than  the 
occurrence  of  the  elements  in  allotropic  forms  in  the  compound 
that  determines  the  nature  of  chemical  changes.  The  fact  that 
a  portion  only  of  the  sulphur  in  white  cast-iron  is  liberated  as 
hydrogen  sulphide  by  an  acid  suggests  that  the  molecule  of  cast- 
iron  does  not  contain  all  its  sulphur  linked  in  the  same  manner. 
In  the  present  paper  I  have  described  some  experiments  under- 
taken in  order  to  study  the  reactions  of  the  evolution  method 
more  fully.  For  the  purpose  in  view  a  white  iron  containing 
o.  17  per  cent,  of  sulphur,  as  found  by  the  aqua  regia  method  was 
used. 

Experiment  /. — Four  grams  of  this  iron  were  dissolved  in 
hydrochloric  acid  of  1.12  sp.  gr.  As  the  process  of  solution 
became  retarded  the  acid  was  heated  gradually  to  the  boiling- 
point.  The  escaping  gas  was  led  into  a  solution  of  bromine. 
A  small  quantity  of  a  heavy  oil  collected  in  the  bromine  solu- 
tion. This  oil  was  decanted,  introduced  into  a  platinum  boat 
and  burnt  in  a  porcelain  tube  in  a  current  of  nitrous  oxide  gas. 
The  gas  escaping  from  the  tube  was  led  into  bromine  water, 
which  on  treatment  with  barium  chloride  in  the  usual  way 
yielded  a  precipitate  of  barium  sulphate,  showing  that  the  origi- 
nal oil  had  contained  sulphur. 

Experiment  2, — The  oil  collected  in  an  experiment  similar  to 
the  preceding  was  digested  with  concentrated  nitric  acid.     The 
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mixture,  contained  in  a  glass-stoppered  bottle,  was  kept  at  a 
temperature  of  loo®  C.  for  two  hours.  On  one  evaporation  to  dry- 
ness, re-solution  of  the  residue  in  water,  and  addition  of  barium 
chloride  no  precipitation  occurred.  The  solution  was  then 
evaporated  again  to  dryness  with  addition  of  some  barium 
nitrate,  and  the  residue  heated  to  redness.  On  re-solution  in  water 
a  precipitate  of  barium  sulphate  appeared.  This  experiment 
showed  that  the  oil  contained  sulphur  but  in  a  form  not  easily 
oxidizable  directly  to  sulphuric  acid  by  bromine  water  or  con- 
centrated nitric  acid.  The  fact  that«a  precipitate  of  barium  sul- 
phate was  not  obtained  by  mere  evaporation  with  strong  nitric 
acid,  but  was  quickly  produced  on  ignition  of  the  evaporated 
residue  and  re-solution  in  water,  indicated  the  possible  presence 
of  a  sulphur  ether  of  the  type  (CH,),S. 

Experiment  ^, — That  the  oil  condensed  in  the  bromine  flask 
was  not  a  pure  sulphur  compound  was  evident  from  the  follow- 
ing experiment :  A  few  drops  of  the  oil  were  warmed  in  a  flask 
with  an  alcoholic  solution  of  potassium  hydroxide.  The  escap- 
ing gas  was  found  to  yield  a  red  precipitate  in  an  ammoniacal 
solution  of  cuprous  chloride,  indicating  acetylene.  From  this  it 
seemed  probable  that  the  oil  found  in  the  bromine  solution  con- 
sisted mainly  of  ethylene  dibromide,  which  on  treatment  with 
the  alcoholic  potash  had  yielded  acetylene  by.  the  reaction 

C,H,Br,+  2KOH  =  C,H,  +  2KBr+  2H.O. 

Experiment  4, — The  flask  which  had  been  used  for  a  sulphur 
determination  by  the  evolution  method,  and  which  exhibited 
minute  oil  drops  on  its  inner  sides,  was  rinsed  with  alcohol  and 
with  chloroform.  The  combined  liquids  were  evaporated  in  a 
platinum  boat  in  which  a  minute  quantity  of  a  residue  was  left. 
On  strongly  heating  in  nitrous  oxide  and  passing  the  products 
into  bromine  water  a  precipitate  of  barium  sulphate  was  obtained 
after  the  usual  treatment  with  barium  chloride. 

Experiment  §. — The  silicious  residue  left  from  the  solution  of 
the  iron  in  hydrochloric  acid  in  the  determination  of  sulphur  by 
the  evolution  method  was  found  on  fusion  with  alkaline  carbon- 
ate and  nitrate  to  yield  a  small  quantity  of  barium  sulphate 
when  treated  in  the  usual  manner  for  the  determination  of  sul- 
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phuric  acid.  It  seemed  still  to  be  of  importance  to  ascertain 
whether  the  sulphur  in  this  residue  existed  as  a  metallic  sul- 
phide or  as  an  organic  compound.  The  possibility  of  the  pres- 
ence of  free  sulphur  seemed  to  be  excluded,  inasmuch  as  air 
had  been  expelled  from  the  flask  during  the  solution  of  the  iron 
by  a  stream  of  carbon  dioxide.  Accordingly,  the  silicious  resi- 
due from  a  sulphur  determination  was  dried  at  a  gentle  heat  and 
extracted  after  the  fashion  of  an  ordiuary  fat  extraction  process 
by  boiling  alcohol  and  afterwards  by  boiling  chloroform.  The 
extract,  on  evaporation,  left  a  trace  of  a  yellow  oil.  This  oil, 
on  being  burnt  in  nitrous  oxide,  gave  indications  of  the  presence 
of  sulphur  when  tested  in  the  manner  already  described. 

The  silicious  residue,  after  extracting  with  alcohol  and  chloro- 
form, was. found,  on  fusion  with  alkaline  carbonate  and  separa- 
ration  of  the  silica,  not  to  contain  sulphur.  From  this  it 
appeared  that  the  silicious  residue  contained  an  organic  sulphur 
compound,  but  did  not  contain  a  metallic  sulphide. 

The  acid  solution  of  ferrous  chloride  left  in  the  evolution  flask 
was  filtered,  agitated  with  a  few  cc.  of  chloroform.  The  chloro- 
form on  evaporation,  ignition  of  the  residue  in  nitrous  oxide, 
and  the  usual  treatment,  was  shown  to  contain  sulphur. 

The  following  determinations  were  made  in  the  manner  indi- 
cated. The  percentages  of  sulphur  are  based  upon  the  weight 
of  the  iron  dissolved. 

Per  cent. 

1.  Sulphur  from  oil  collected  in  bromine  solution* •••     0.008 

2.  Sulphur  obtained  from  alcohol  and  chloroform  rins- 

ings of  flask o.oio 

3.  Sulphur  extracted  from  silicious  residue 0.013 

4.  Sulphur  obtained   by  fusion  of    silicious    residue 

after  extracting  by  alcohol  and  chloroform 0.000 

5.  Sulphur  obtained  by  agitation  of  the  filtered  ferrous 

chloride  solution  with  chloroform,  representing 
therefore  organic  sulphur  compounds  held  in 
solution 0.009 

Total 0.040 

This  total  represents  sulphur  occurring  in  difficultly  volatile 
organic  compounds  and  does  not  include  that  which  is  evolved 
in  more  volatile  compounds.     It  is  not  impossible  that  a  loss  by 
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volatization  occured  in  evaporating  the  chloroform  extracts  pre- 
paratory to  combustion  in  nitrous  oxide.  It  seemed  very  desira- 
ble to  learn  more  of  the  nature  of  these  organic  sulphur  com- 
pounds and  accordingly  the  following  experiment  was  tried  with 
a  larger  quantity  of  iron. 

Experiment  6,  One  thousand  grams  of  the  same  white  iron 
as  had  been  used  in  the  preceding  experiments  were  treated  in 
small  portions  at  a  time  with  hydrochloric  acid  of  1.15  sp.  gr. 
until  the  solution  was  complete.  To  hasten  the  process,  as  the 
action  of  the  acid  became  slow,  the  flask  was  gently  warmed. 
The  escaping  gas  was  passed,  first,  through  a  solution  of  lead 
acetate  supersaturated  with  sodium  hydroxide,  and  secondly, 
through  a  solution  of  mercuric  chloride  in  alcohol. 

I.    THE  ALKALINE   LEAD  ACETATE  SOLUTION. 

In  addition  to  the  deposit  of  lead  sulphide  which  formed  in  the 
lead  solution,  a  yellow  flocculent  precipitate  appeared,  soluble  on 
shaking  in  the  alkaline  fluid.  The  solution,  decanted  from  the 
lead  sulphide,  was  slightly  acidulated  and  warmed.  The  gas 
produced  was  found  to  yield  the  following  reactions  with  the 
solutions  named : 

Ammoniacal  cadmium  chloride  yielded  a  white  flocculent  pre- 
cipitate. 

Palladium  chloride  yielded  a  cinnamon  colored  precipitate. 

Platinum  chloride  yielded  a  yellowish  brown  precipitate. 

Ammoniacal  silver  nitrate  yielded  a  pale  yellow  precipitate. 

These  reactions  indicated  the  presence  of  a  mercaptan.  To 
study  the  subject  more  fully  the  yellow  precipitate,  produced  in 
a  solution  of  silver  nitrate  containing  an  excess  of  sodium  ace- 
tate, was  subjected  to  a  partial  analysis  with  the  following 
results :. 

silver.  Sulphur.  Silver.  Sulphur. 

Pound.  Calculated  for  silver 

mercaptide. 

69.40  20.54  69.63  20.68 

From  the  data  so  obtained  it  appears  that  methyl  hydrosul- 
phide  was  contained  in  the  gas  evolved  during  the  solution  of 
the  iron  in  the  hydrochloric  acid. 

2.   THE  ALCOHOLIC  SOLUTION  OP  MERCURIC  CHLORIDE. 

This  was  found  to  contain  a  small  quantity  of  a  white  precipi- 
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tate  which  was  partly  soluble  on  warming.  After  cooling  again 
the  solution  yielded  transparent  colorless  crystals  recognized 
under  the  microscope  as  having  the  form  of  crystals  of  the  com- 
pound (CH,),SHgCl,  which  results  when  methyl  sulphide  is 
added  to  a  solution  of  mercuric  chloride.  Upon  boiling  the 
aqueous  solution  of  the  precipitate  in  the  mercuric  chloride  solu- 
tion and  leading  the  vapors  into  palladium  chloride  solution, 
orange  crystals  were  obtained  which  under  the  microscope  were 
not  distinguishable  from  the  compound  formed  when  palladium 
chloride  and  methyl  sulphide  are  brought  together.  The  pre- 
cipitates formed  in  the  solutions  of  mercuric  chloride  and  palla- 
dium'chloride  being  somewhat  soluble,  the  quantity  obtained  was 
insufficient  for  analysis.  It  is  however  very  probable  that  methyl 
sulphide  (CH3),S  occurred  among  the  gases  evolved  during  the 
solution  of  the  iron. 

It  seems  important  that  in  the  evolution  method  of  sulphur 
determination  the  possibility  of  the  presence  of  these  and  kindred 
sulphur  compounds  should  be  taken  into  account.  Two  modes 
of  procedure  suggest  themselves  for  the  recovery  of  that  portion 
of  the  sulphur  which  is  liable  to  be  lost  in  the  determination. 

I.  By  direct  oxidation  to  sulphuric  acid. 

II.  By  convertion  into  hydrogen  sulphide  followed  by  oxida- 
tion to  sulphuric  acid. 

I.    DIRECT   OXIDATION   OF   ORGANIC   SULPHUR  COMPOUNDS. 

The  action  of  concentrated  nitric  acid,  potassium  permanga- 
nate and  other  energetic  oxidizing  agents  in  solution  tends 
merely  to  convert  methyl  sulphide  into  its  oxides  (0113)380. 
and  (0113)3803.  Bromine  enters  into  direct  union  forming 
(CHJ.SBr,. 

Under  strongly  oxidizing  influences  methyl  hydrosulphide 
merely  yields  methylsulphonic  acid,  an  acid  which  is  well  known 
to  form  a  soluble  and  stable  barium  salt.  Hence  while  it  is  a 
characteristic  property  of  hydrogen  sulphide. to  undergo  oxida- 
tion to  sulphuric  acid  readily,  it  is  equally  characteristic  of  these 
organic  sulphur  compounds  and  their  homologues  not  to  change 
easily  into  sulphuric  acid  even  under  apparently  favorable  con- 
ditions. 
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It  seemed  possible  that  by  direct  combustion  of  the  gases  the 
complete  oxidation  of  the  sulphur  to  sulphuric  acid  might  be 
effected. 

A  great  many  experiments  have  been  tried  in  this  direction 
of  which  the  following  is  a  Siummary. 

As  the  gases  are  not  evolved  in  sufficient  quantity  during  the 
solution  of  the  iron  to  bum  steadily  from  a  jet,  it  was  found 
necessary  to  conduct  through  the  evolution  flask  a  current  of 
some  combustible  gas  in  order  to  maintain  a  more  constant 
flame.  For  this  purpose  carbon  monoxide  was  used.  The  gas 
was  burned  from  a  platinum  jet  in  a  glass  globe  through  which 
a  current  of  moist  nitrous  oxide  was  caused  to  flow.  Nitrous 
oxide  was  used  rather  than  air  or  oxygen  for  the  reason  that 
during  the  combustion  of  any  gas  in  it  nitrogen  dioxide  is  con- 
tinually formed  in  considerable  quantity.  The  conditions  are 
therefore  highly  favorable  to  the  oxidation  of  any  sulphur  diox- 
ide produced  from  the  flame  of  the  burning  gas,  and  the  com- 
plete condensation  of  the  resulting  sulphuric  acid. 

The  results  were  not  satisfactory  for  two  reasons  : 

1.  It  was  found  impossible  to  prevent  the  occasional  extin- 
guishing of  the  flame,  due  to  the  slight  pulsations  in  the  gas  stream. 

2.  It  was  not  possible  to  expel  all  of  the  less  volatile  hydro- 
carbon oils  from  the  evolution  flask  into  the  combustion  globe 
without  boiling  the  ferrous  chloride  solution  and  consequent 
risk  of  driving  over  too  much  steam  which  tended  to  extinguish 
the  flame.  These  difficulties  necessitated  the  abandonment  of 
the  method. 

II.    CONVERSION   OF   ORGANIC    SULPHUR   COMPOUNDS  INTO 

HYDROGEN   SULPHIDE. 

The  precipitates  produced  by  the  mercaptans  in  solutions  of 
metallic  salts,  are  not  easily  converted  into  sulphides.  From 
this  statement  must  be  partially  excepted  the  lead,  silver  and 
copper  compounds  which  may  change  slowly  into  sulphides. 
The  cadmium  compound,  which  is  often  seen  as  a  white  precipi- 
tate when  in  the  evolution  method  ammoniacal  cadmium  chlo- 
ride is  used  as  an  absorbent,  is  more  stable.  The  white  precip- 
itate gradually  changes  into  yellow  cadmium  sulphide,  especially 
on  exposure  to  light. 
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The  process  adopted  by  Blair — absorption  in  alkaline  lead 
solution — no  doubt  possesses  an  advantage  on  account  of  the 
possible  change  of  the  lead  compound  into  lead  sulphide,  as  it 
in  this  way  may  affect  the  recovery  of  a  portion  of  the  lost  sul- 
phur. The  compounds  of  the  sulphur  ethers  of  the  type 
HgCl,(CH,),S  are  still  less  prone  to  change  into  metallic  sul- 
phides under  the  conditions  imposed  by  the  method. 

Experiment  7. — ^The  vapor  of  methyl  sulphide  largely  diluted 
with  carbon  dioxide  was  passed  through  a  red  hot  porcelain  tube. 
By  this  treatment  the  sulphur  compound  was  shown  to  be  readily 
convertible  into  hydrogen  sulphide,  undergoing,  however,  an 
intem^ediate  transformation  into  methyl  hydrosulphide,  CH,SH, 
a  gas  which  is  easily  recognized  by  its  reactions  with  various 
metallic  salts  in  solution. 

Based  upon  the  results  of  these  experiments  the  following 
modification  of  the  evolution  method  was  tried : 

The  iron  was  dissolved  in  hydrochloric  acid  of  1.12  sp.  gr. 
added  slowly  while  a  stream  of  carbon  dioxide  was  being  trans- 
mitted through  the  flask.  Heat  was  applied  as  soon  as  the 
action  became  retarded.  The  escaping  gas  was  led  through  a 
porcelain  combustion  tube  heated  to  dull  redness.  The  porce- 
lain tube  contained  a  roll  of  platinum  foil  eight  inches  long. 
The  delivery  tube  from  the  evolution  flask  was  pushed  far 
enough  into  the  porcelain  tube  to  permit  any  liquid  which  might 
distil  over  to  drop  into  the  hot  platinum  roll.  A  slow  stream  of 
carbon  dioxide  was  passed  continuously  through  the  evolution 
flask  and  heated  porcelain  tube.  The  solution  of  the  ferrous 
chloride  was  finally  heated  to  gentle  boiling  and  kept  boiling  until 
the  oily  drops  which  usually  coat  the  sides  of  the  flask  were  carried 
away.  This  required  two  hour's  boiling  or  two  and  one-half 
hours  for  the  entire  process.  Inasmuch  as  organic  compounds 
of  high  boiling-point  are  undoubtedly  formed,  this  long-continued 
boiling  is  especially  important.  As  an  absorbent,  bromine  dis- 
solved in  dilute  hydrochloric  acid  was  used.  After  passing  a 
nitrogen  flask  containing  the  bromine  solution  the  gas  was  con- 
ducted to  the  bottom  of  an  eight  liter  bottle  containing 
a  little  of  the  same  bromine  solution.  Experiments  have  shown 
that  the  use  of  this  large  bottle  is  necessary  to  the  complete  con- 
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densation  of  the  sulphuric  acid.  The  platinum  foil  used  in  the 
porcelain  tube  is  not  essential  but  protects  the  porcelain  tube 
from  risk  of  fracture  from  the  dropping  of  the  liquid  upon  its 
heated  inner  surface.  Mica  may  be  used  instead  of  platinum 
but  is  rapidly  corroded  by  the  hot  acid  vapors.  The  sulphur 
was  determined  by  weighing  as  barium  sulphate. 

In  the  following  table  column  II  contains  the  results  of  some 
determinations  of  sulphur  by  the  method  described. 

Column  I  contains  results  obtained  by  the  same  method 
except  that  no  heated  tube  was  used. 

Column  III  contains  results  obtained  by  the  aqua  regia  method 
as  described  by  Blair.* 

The  irons  used  for  the  determinations  were  selected  on  account 
of  their  high  percentage  of  sulphur. 


Evolution  method. 
Per  cent. 

0.059 
0.046 
0.050 
0.050 
0.054 
0.055 


Evolution  method.    Gases 

passed  through  a  heated  tube. 

Per  cent. 

Iron  A. 
0.096 
0.095 
0.104 
0.104 
0.099 
o.ioo 
0.092 
0.105 
0.098 

O.IOI 


Aqua  regia  method 
of  Blair. 
Per  cent. 


O.IOI 
0.098 
0.096 
0.099 
O.IOO 
0.102 
0.102 
0.104 


Mean  0.052 

0.099 
Iron  B. 

O.IOO 

O.IOO 

0.183 

0-173 

O.IOI 

0.178 

0.170 

0.087 

0.175 

0.168 

0.099 

0.181 

0.170 

0.092 

0.177 

0.174 

0.084 

0.188 

0.I7I 

Mean  0.094  0.180  0.171 

In  conclusion,  I  have  to  thank  Messrs.  F.  B.  Smith  and  H. 
C.  Beggs  for  the  very  great  care  they  have  taken  in  carrying 
out  the  determinations  by  the  method  described. 

1  Chemical  Analysis  of  Iron,  p.  57. 


ON  THE  VOLUHETRIC  DETERHINATION  OF  LEAD. 

By  Allbrton  S.  Cushman  and  J.  Hayes-Campbell. 
Received  September  a6. 1895. 

FRESENIUS  in  the  last  edition  of  his  Quantitative  Analysis 
commenting  on  the  volumetric  determination  of  lead,  says  : 
*  *  Although  there  is  no  lack  of  proposed  methods  for  the  volu- 
metric estimation  of  lead,  we  are  still  without  a  reajly  good  method 
for  practical  purposes,  that  is,  a  method  which  can  be  generally 
employed,  and  which  is  simple  and  exact/' 

Among  the  methods  which  have  been  proposed,  one  which 
has  been  so  much  used  is  that  of  Schwartz,'  briefly  outlined. 
This  depends  upon  precipitating  the  lead  as  chromate  in  a  sodi- 
um acetate  solution  with  a  standard  solution  of  potassium  bichro- 
mate, the  end  point  being  determined  by  an  outside  indicator 
consisting  of  drops  of  a  neutral  solution  of  silver  nitrate  on  a 
porcelain  plate.  It  is  exceedingly  difficult  to  decide  when  the 
first  red  tinge  makes  its  appearance  in  the  indicator  owing  to  the 
yellow  color  of  the  precipitated  lead  chromate.  The  end  point 
is  therefore  frequently  overrun.  W.  Diehle*  modified  the  method 
by  titrating  the  excess  of  bichromate  in  acid  solution  with  sodium 
thiosulphate,  the  end  point  being  indicated  by  the  disappearance 
of  the  yellow  color  of  the  bichromate.  In  our  experience  this 
modification  does  not  lessen  the  diflpiculty  of  determining  accu- 
rately the  end  point,  owing  to  the  fact  that  the  yellow  color 
gradually  shades  oft  into  a  green  in  case  a  fair  excess  of  bichro- 
mate has  been  added. 

These  considerations  led  us  to  endeavor  to  modify  the  original 
method  in  such  a  manner  as  to  secure  a  simple  and  accurate 
means  of  determining  the  excess  of  bichromate  present.  This 
we  accomplish  by  titrating  the  solution  after  filtering  off  the  pre- 
cipitated lead  chromate,  with  a  standardized  solution  of  ammonio 
ferrous  sulphate,  using  potassium  ferricyanide  as  an  outside  indi- 
cator under  exactly  the  same  conditions  observed  in  standardiz- 
ing bichromate  solutions.  The  bichromate  solution  is  made  up 
of  convenient  empirical  strength,  and  standardized  against  a 
weighed  amount  of  pure  dried  ammonio  ferrous  sulphate.  Slightly 
more  than  the  equivalent  weight  of    the   latter  salt   is   then 

1  Dingl.  poly.  Jour.,  169,  384. 

2  Ztschr.  anal,  Chem.,  1880,  306. 
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weighed  out  and  dissolved  in  a  liter  of  water  with  the  addition 
of  a  few  drops  of  sulphuric  acid.  The  solution  is  transferred  to 
a  stock  bottle  into  which  is  immediately  poured  a  sufficient  quan- 
tity of  some  light  paraffin  oil  to  form  a  layer  over  the  solution, 
thus  protecting  it  from  oxidation.  The  stock  bottle  is  fitted 
with  a  siphon  tube  and  pinchcock  so  that  the  solution  can  be 
drawn  out  when  needed.  With  this  arrangement  change  in 
strength  of  the  ammonio  ferrous  sulphate  solution  takes  place 
very  slowly,  while  as  a  few  moments  only  are  required  to  titrate 
it  against  the  standard  bichromate,  its  exact  strength  can  be 
easily  determined  from  day  to  day. 

In  order  to  test  this  modification,  we  decided  to  try  it  against 
other  technical  methods  recently  proposed,  as  well  as  against  a 
standard  gravimetric  analysis.  A  well  mixed  sample  of  a  crys- 
tallized galena  containing  only  a  little  silica  as  impurity  was 
first  analyzed  by  the  method  of  Rose  as  given  in  Fresenius, 
Quantitative  Analysis.  The  lead  is  precipitated  as  the  sulphide, 
with  the  proper  precautions,  the  sulphide  is  then  dried,  ignited 
gently  in  a  current  of  hydrogen,  and  weighed.  The  following 
results  were  obtained : 


No. 

Weight  taken. 
Grams. 

Wefght  lead 

sulphide. 

Grams. 

Lead  sulphide. 
Per  cent. 

Lead. 
Per  ceut. 

I 

2.0000 

1 .9870 

99-35 

86.08 

2 

2.0060 

1.9856 

99.28 

86.00 

3 

*i.9988 

1.9856 

99-35 

86.06 

The  next  series  of  results  were  obtained  by  the  method  of 
Albert  H.  Low.*  Briefly,  the  method  consists  in  decomposing 
the  ore  with  nitric  and  sulphuric  acids,  adding  further  an  excess 
of  sulphuric  acid,  dissolving  the  lead  sulphate  in  a  saturated 
solution  of  ammonium  chloride  and  precipitating  metallic  lead  by 
means  of  strips  of  aluminum.  The  precipitated  lead  sponge  is 
scraped  off,  pressed  into  a  button,  dried  and  weighed.  By  this 
method  the  following  results  were  obtained  : 


Weight  taken. 

Weight  lead. 

Lead. 

No. 

Grams. 

Grams. 

Per  ceut 

I 

0.5000 

0.4341 • 

86.82 

2 

0.5013 

0.431 1 

86.00 

3 

0.4972 

0.4313 

86.64 

4 

0.5025 

0.4371 

86.98 

5 

0.5019 

0.4351 

86.25 

6 

0.5223 

0.4540 

86.92 

ly.  Anal,  Appl.  Chetn.,  6,  12. 
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These  figures  show  a  general  tendency  to  high  results  which 
is  accounted  for  by  the  difficulty  of  washing  the  lead  sponge  free 
from  ammonium  chloride.  In  view  of  the  fact,  however,  that  one 
of  these  assays  can  be  made  in  about  twenty-five  minutes,  the 
results  might  be  considered  fair  enough  for  some  technical  pur- 
poses. 

The  next  method  tried  was  Knight's'  modification  of  Hempel's 
method.  This  consists  essentially  in  the  precipitation  of  the 
lead  as  oxalate,  the  decomposition  of  this  salt  by  means  of  sul- 
phuric acid  and  titration  of  the  liberated  oxalic  acid,  with  po- 
tassium permanganate.  This  method  did  not  yield  concordant 
results  in  our  hands  and  the  percentages  found  'were  invariably 
low.  As  the  method  did  not  present  any  advantage  over  others 
either  in  pointsof  accuracy  or  time,  we  discontinued  work  with  it. 

The  modified  Schwartz  method  we  carry  out  as  follows : 
About  one  gram  of  finely  pulverized  ore  is  digested  in  a  cas- 
serole or  evaporating  dish  with  fifteen  cc.  of  a  mixture  of  two 
parts  nitric  and  one  part  sulphuric  acid  until  decomposition 
is  complete.  Ten  cc.  more  of  sulphuric  acid  are  now  added,' 
and  the  liquid  evaporated  until  it  fumes  freely.  Cool,  dilute 
with  ten  cc.  of  dilute  sulphuric  acid  (i-io)  and  then  add  gradu- 
ally forty  cc.  of  water.  Heat  to  boiling,  filter  and  wash  by 
decantation  with  dilute  sulphuric  acid  ( i-io)  getting  as  little  of 
the  lead  sulphate  on  the  filter  as  possible.  To  the  residue  in 
the  dish  add  twenty  cc.  of  strong  ammonia,  then  make  slightly 
acid  with  acetic  acid.  Boil  until  the  lead  sulphate  is  dissolved, 
then  pour  the  liquid  through  the  filter,  having  first  moistened 
the  paper  with  ammonia.  Wash  the  filter  with  water  containing 
ammonium  acetate  in  solution,  and  finally  once  or  twice  with  hot 
water.  Cool  the  filtrate  and  run  in  from  a  burette  an  excess  of 
standard  bichromate  solution,  stirring  until  the  precipitate  set- 
tles rapidly  and  the  supernatant  liquid  has  a  yellow  color.  Allow 
to  settle  for  a  few  minutes  then  filter,  under  pressure  if  possible, 
wash  a  few  times  and  titrate  the  filtrate  against  the  standard 
ammonio  ferrous  sulphate. 

After  a  little  practice  the  method  can  be  carried  out  as  above 
detailed  in  about  thirty  minutes.     In  case  the  ore  is  known  to  be 

ly.  Anal,  Appi.  Chem.^  6,  11. 
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free  from  bismuth  and  antimony,  the  method  can  be  materially 
shortened.  Instead  of  bringing  the  ore  into  solution  with  a 
mixture  of  nitric  and  sulphuric  acids,  nitric  acid  alone  is  used. 
After  solution,  the  acid  is  neutralized  with  an  excess  of  ammonia 
and  then  made  acid  with  acetic  acid ;  this  dissolves  any  lead 
sulphate  that  has  been  formed.  This  solution  is  then  immedi- 
ately titrated  with  the  bichromate  and  ammonio  ferrous  sulphate 
solutions  exactly  as  described  above.  The  following  table 
shows  the  agreement  in  the  results  obtained  by  this  method  : 


No. 

Weight  taken. 
Grams. 

Calculated  weight 

lead  found. 

Grains. 

Lead  per 
cent. 

I 

0.9983 

0.8570 

85.84 

2 

0.9987 

0.8578 

85.82 

3 

0.9997 

0.8588 

86.08 

4 

0.9806 

0.8421 

85.88 

5 

0.9996 

0.8570 

85.72 

6 

0.9971 

0.8558 

85.84 

7 

0.9975 

0.8580 

86.02 

8 

0.9936 

0.8533 

85.90 

In  general  it  may  be  said  that  the  results  are  a  trifle  low.  The 
mean  of  the  amount  of  lead  recovered  in  twenty  determinations 
carried  out  by  one  of  us  was  99.6  per  cent,  of  that  taken. 

We  do  not  know  that  the  modification  as  used  by  us  has  never 
before  been  tried,  but  our  results  appeared  to  possess  sufficient 
value  to  warrant  publication. 

Chemical  I^aboratory  op  Washington  University, 

St.  lyouis,  Mo. 


REACTIONS  BETWEEN  COPPER  AND  CONCENTRATED 

SULPHURIC  ACID.' 

By  Chas.  Baskerville. 

Received  September  9,  1895.  " 

ANDREWS*  in  writing  on  the  ''  Assumption  of  a  Special 
Nascent  State ,  *  *  argued  that  the  production  of  sulphur  diox- 
ide, as  a  result  of  the  reaction  between  copper  and  concentrated 
sulphuric  acid,  was  due  not  to  nascent  hydrogen,  as  is  commonly 
considered,  but  to  the  deoxidation  of  sulphur  trioxide  by  the 
copper  with  the  production  of  copper  oxide  as  a  primary  pro- 

1  Read  at  the  SprinfiTfield  meeting. 

s  Chem.  News,  70, 153.;  Iowa  Acad,  of  Sciences,  Proc.  p.  4. 
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duct.  Having  noted  frequentFy  the  evolution  of  sulphur  dioxide 
gas  before  any  evidence  of  this  "  copper  oxide,*'  at  the  sugges- 
tion of  Dr.  F.  P.  Venable,  I  began  some  experiments  with 
a  view  of  studying  this  complicated  reaction  so  simply  treated 
in  most  text-books. 

When  my  work  was  completed,  in  verifying  my  references  I 
chanced  on  Pickering's*  work  on  the  same  subject^  which  had 
escaped  me.  Most  of  my  work,  especially  that  part  which  con- 
cerns the  secondary  reactions,  is  in  accord  with  that  of  Prof. 
Pickering.  My  observations  concerning  the  primary  reactions 
were  not  the  same  however.  In  making  known  the  latter,  I  feel 
at  liberty  to  give  the  results  of  my  work,  as  independent  corro- 
boration is  of  some  value. 

The  reactions  which  take  place  when  copper  is  treated  with 
concentrated  sulphuric  acid  may  be  divided  into  primary  and 
secondary. 

Primary : 

(i)  Cu+2H,SO,=CuSO,+  SO,  +  2H,0.^ 
This  may  be  regarded  as  taking  place  in  two  steps  : 

(a)  Cu  +  H,SO,  =  CuSO,  +  H., 

(b)  H,+  H,S0,  =  S0,+4H,0. 

Still  no  hydrogen  could  be  detected  in  the  gas  given  off. 
(2)  5Cu  +  4H,SO,  =  Cu,S  +  3CuSO,+4H,0. 
Secondary : 

( 1 )  Cu,S  +  2H,SO,  =  CuS  +  CuSO,  +  SO,  +  2H,0. 

(2)  CuS  +  2H,SO,  =  CuSO,+  S  +  SO,+2H,0. 

The  experiments  were  carried  out  under  various  conditions  of 
temperature  and  time,  exposure  of  the  metal  to  the  action  of 
the  acid,  and  varying  propoftions  of  metal  and  acid.  The  cop- 
per ribbon  used  was  cut  into  small  pieces  one  cm.  wide  by 
two  to  three  cm.  long.  Concentrated  C.  P.  sulphuric  acid,  1.84  sp. 
gr.  was  used.  Each  experiment,  except  where  noted,  was  car- 
ried out  in  a  flask  in  which  the  air  had  been  displaced  by  a  neu- 
tral gas,  hydrogen  or  carbon  dioxide.  The  evolved  sulphur 
dioxide  was  led  through  a  strong  solution  of  sodium  hydroxide 

1-  J.  I<ond.  Chetn.  Soc.  Trans.,  1878^  p.  112. 
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and  the  sulphite  formed  titrated  with  a  standard  iodine  solution 
or  oxidized  by  bromine,  and  the  sulphuric  acid  determined  gravi- 
metrically.  A  rapid  stream  of  the  inert  gas  was  driven 
through  the  apparatus  just  at  the  close  of  the  experiment. 
Water  was  poured  into  the  flask  and  the  whole  quickly  filtered ,  and 
the  copper  remaining  unattacked  was  then  cleaned  as  well  as  possi- 
ble  by  rubbing,  dried  and  weighed.  The  copper  as  sulphate 
was  determined  by  electrolysis.  The  residue  was  burned  in  a 
porcelain  crucible,  treated  with  concentrated  nitric  acid,  ignited 
and  weighed  as  copper  oxide.  Sulphur  was  determined  by 
weighing  a  dried  portion  of  the  residue  treating  with  carbon 
disulphide  and  the  loss  in  weight  taken  as  sulphur. 

PHmary  Reactions, — My  experiments  showed  that  the  first  of 
the  primary  reactions  predominated  when  copper  was  treated 
with  concentrated  sulphuric  acid  at  different  temperatures 
(o**-270°  C.)  At  the  highest  temperature  itwas  found  that  that 
reaction  a^one  took  place,  but  at  all  lower  temperatures  the 
second  primary  reaction  also  occured.  The  proportion  of  the 
material  tollowing  the  second  equation  increased  from  o®  to  lOO** 
C,  and  then  decreased  to  270**  C,  when  there  was  no  longer 
evidence  of  any  such  reaction,  that  is,  no  black  residue  was 
formed. 

At  the  lower  temperatures,  under  100'' C,  only  the  two  pri- 
mary reactions  seemed  to  take  place ;  at  the  higher  temperatures 
the  secondary  reactions  if  the  action  were  prolonged,  frequently 
set  in,  complicating  matters  as  far  as  quantitative  determinations 
were  concerned.  If  the  time  of  action  were  shortened  evidence 
of  the  occurrence  of  the  primary  reactions  alone  was  found. 
Having  an  excess  of  copper  present  was  also  necessarj',  because 
as  soon  as  all  the  copper  had  been  attacked  the  secondary  reac- 
tions set  in  at  once. 

The  conditions  seemed  most  favorable  for  the  formation  of  the 
insoluble  residue  at  the  temperatures  from  100®  to  130**  C.  as  may  be 
seen  from  the  table.  The  proportion  of  the  insoluble  residue 
decreases  rapidly  in  either  direction  from  these  temperatures. 
Some  insoluble  residue  is  produced  at  all  the  lower  temperatures 
but  none  is  produced  when  the  reaction  takes  place  at  270®  C. 
and  lasts  for  only  a  few  seconds. 
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No. 

Temperature 
of 
reaction. 

Copper 
used. 

Copper  as 
sulphate,      sulphide. 

Sulphur 

dioxide 

produced. 

Ratio  of  cop- 
per sulphate 
to  copper 
sulphide. 

I 

0^-10° 

0.1350 

0.1340 

0.0005 

0.1343 

268.0  :  I 

2 

<( 

0.0750 

0.0740 

0.0003 

0.0780 

246.0  :  I 

3 

20^-30^ 

1-3379 

1.3260 

0.012 1 

•  •  •  • 

118.9  :  1 

4 

<( 

1.2473 

1.2000 

0.0184 

1.2442 

68.0  :  I 

5 

65-^ 

0.1650 

0.1600 

0.0050 

0.1648 

33.0  :  I 

6 

70--8o^ 

0.0760 

0.0730 

0.0035 

•  •  •  • 

2I.O  :  I 

7 

100^ 

0.1380 

0.1060 

0.0300 

0.0840 

3.5  :  2 

8 

n 

0.3818 

0.2800 

0.1082 

O.I166 

3.5  :  I 

9 

<( 

0.9200 

0.6400 

0.2748 

0.2165 

3.3  :  I 

10 

120^-130^ 

52578 

4.0800 

I. 1946 

2.0932 

3-5  :  I 

II 

140^-160° 

5.0900 

4.5100 

0.5759^ 

3.3084 

8.0  :  I 

12 

160^-190*^ 

1. 1375 

1. 1200 

0.0930 

•  •  •  • 

12.0  :  I 

13 

200^-2  20"^ 

1.5450 

1. 4518 

0.0932 

1.0904 

16.0  :  I 

14 

220°-230^ 

0.9815 

0.9400 

0.0332 

0.9365 

29.0  :  I 

15 

230^ 

3.8915 

3.8200 

0.0796 

3.6327 

49.0  :  I 

16 

230" 

2.0000 

1.9750 

0.0388 

2.2313 

51.0  :  I 

17 

240° 

I. 1235 

1. 1035 

0.0200 

0.9855 

55-0  :  I 

18 

250' ^-260^ 

2.1365 

2.1000 

0.0280 

2.0304 

80.0  :  I 

19 

270° 

4.0000 

•  •  *  • 

None. 

•  •  •  • 

•  •  •  • 

Berzelius*  noted  this  black  substance  when  copper  was  treated 
with  concentrated  sulphuric  acid.  He  said  it  appeared  to  be  a 
subsulphate  because  it  was  oxidizable  by  nitric  acid.  He  made 
no  quantitative  determinations  to  show  its  composition.  Such  a 
body  would  contain  fifty-seven  per  cent,  of  copper  and  in  no 
case  did  I  find  the  black  residue  to  contain  less  than  67.64  per 
cent. 

Barruel*  found  that  sulphuric  acid  acted  on  copper  at  ordinary 
temperatures  if  sufficient  time  were  given.  He  claimed  that 
the  sulphur  dioxide  produced  was  dissolved  in  the  acid  and 
attacked  the  copper  forming  copper  sulphide  and  oxide,  the  lat- 
ter being  dissolved  in  the  acid. 

Maumen^'  claimed  that  his  black  residue  contained  four  dif- 
ferent bodies ;  copper  subsulphide  and  three  oxysulphides, 
Cu0.2Cu,S  or  Cu.S^O,,  Cu0.2CuS  or  Cu.S.O,  and  CuO.CuS  or 
Cu,SO. 

In  my  analyses,  as  also  in  Pickering's,  the  sum  of  thepercent- 

i  Trait4  de  chimie,  4,  324. 
2  Joum.  de  Pharm.  ao,  13, 18J4. 

8  Ann.  Chim.  Phys.,  /8/6,  3rd  Series,  x8,  311 ;  Trait6  de  chimie  g^u^rale,  Pelouze  et 
Fremy,  2nd  Ed.,  I.  388. 
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ages  of  copper  and  sulphur  always  approximated  loo.  In  one 
experiment  I  did  find  a  body  whose  composition  approximated 
Cu02Cu,S.     I  shall  speak  of  that  apparent  exception  further  on. 

Calvert  and  Johnson*  performed  some  experiments  on  the 
action  of  strong  and  dilute  sujphuric  acid  on  copper  at  tempera- 
tures from  130**  to  150®  C.  They  noted  the  formation  of  the  sub- 
sulphide  and  claimed  it  was  due  to  the  liberation  of  free  sulphur 
which  afterwards  combined  with  the  copper  direct.*  There  was 
evidently  something  very  wrong  in  their  observations,  for  they 
failed  to  note  any  action  below  130®  C.  Barruel  in  1834  had 
noted  that  action  took  place  at  the  temperature  of  the  air.  I  have 
noted  the  action  at  0°  C. 

According  to  Andrews 

Cu+SO.=  CuO-fSO. 

CuO  +  H.SO,  =  CuSO,  +  H,0 

are  the  correct  formulas,  SO,  existing  at  the  temperature  neces- 
sary for  the  reaction,  and  the  insoluble  residue  being  the  oxide. 
That  would  do  if  the  reaction  occurred  only  at  those  higher 
temperatures,  whereas  it  occurs  as  well  at  o**  C.  Besides  this 
the  undissolved  residue  is  not  the  oxide  at  all,  as  he  says  it  is, 
but  invariably  the  sulphide.  In  making  his  analyses  very 
likely  he  determined  the  copper  alone  and  the  percentage  of 
copper  in  copper  oxide  and  cuprous  sulphide  is  the  same.  In  a 
subsequent  conversation  with  Dr.  Andrews,  I  have  learned  that 
this  was  the  case.  This  black  residue  when  thoroughly  washed 
free  from  any  sulphuric  acid  always  gave  off  hydrogen  sulphide 
on  treatment  with  hydrochloric  acid. 

The  composition  of  the  insoluble  residue  was  determined  by 
analysis : 

Found.  Calculated  for  Cu^S. 

Sulphur 20.44  20.14 

Copper 79-56    (by  difference)    79.86 

100.00  100.00 

In  the  first  of  the  two  primary  reactions, 

Cu  +  2H,S0,  =  CuSO,  +  SO,  +  2H.O, 

1  J.  Chem.  Soc.,  19,  438, 1S66. 

3  Pickering  proved  this  impossible.    The  amouut  of  sulphide  produced  was  not  in- 
creased by  adding  sulphur  direct  to  the  experiment. 
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0.1082 

0.1642 

2:3 

0.2758 
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2:3 
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it  is  seen  that  for  each  atom  of  copper  found  as  sulphate,  one 
molecule  of  sulphur  dioxide  should  be  evolved.  Calculating 
on  this  basis  from  the  following  table  we  have  the  ratio  of  2  :  3 
between  the  copper  as  subsulphide  and  the  copper  as  sulphate 
unaccounted  for  in  the  production  of  the  sulphur  dioxide. 

Correspond-   Total  cop- 
Sulphur        ingcop-  per  as 
No.       dioxide.             per.           sulphate. 

8  O.I166     O.II58     0.2800 

9  0.2165     0.2132     0.6400 

The  formula 

5Cu  +  4H,S0,  =  3CUSO,  +  Cu,S  +  4H,0 
shows  that  relation  between  the  two  compounds  of  copper.' 

Secondary  Reactions, — The  secondary  reactions  depend  upon 
the  second  of  the  primary,  that  is,  the  cuprous  sulphide  pro- 
duced. If  the  experiment  were  carried  out  so  as  to  cause  a 
rapid  evolution  of  gas  and  the  residue  not  allowed  to  form  a  pro- 
tective coating  over  the  copper,  as  long  as  an  excess  of  the 
metal  was  present,  only  the  primary  reactions  occurred.  This 
was  accomplished  at  iGd'-i'jo^  C.  If  the  strips  of  copper  were 
touching  they  almost  always  became  bound  together  by  the 
anhydrous  copper  sulphate  and  a  coating  of  the  black  residue 
formed  a  protective  covering  to  the  copper.  When  such  a  state 
of  affairs  occurred,  no  sharply  defined  line  could  be  drawn  to 
show,  of  these  secondary  reactions,  when  the  first  ends  and  the 
second  begins,  because  as  soon  as  some  cuprous  sulphide  is 
changed  to  cupric  sulphide,  the  latter  is  attacked  by  the  sul- 
phuric acid,  sulphur  being  one  of  the  products  of  the  last 
reaction.  Several  experiments  carried  out  at  i40*'-i5o®  C  when 
this  occurred  with  an  excess  of  copper  gave  evidence  of  all  the 
reactions,  primary  and  secondary.  Sulphur  was  deposited  on 
the  sides  of  the  flask  and  the  black  residue  contained  20.71  per 
cent,  sulphur,  and  the  theoretical  percentage  for  cuprous  sul- 
phide is  20.138.  This  showed  the  presence  of  some  cupric  sul- 
phide in  which  the  percentage  of  sulphur  is  33.59.* 

1  Pickering  states  {loc.  cit.,  p  1x7)  that  once  at  80*  C.  he  observed  that  the  copper  in 
the  two  compounds  stood  in  the  relation  of  2  : 2.9.  I  have  not  been  able,  however,  to 
have  concentrated  sulphuric  acid  act  on  copper  at  any  temperature  from  o*  C.  to  270*  C. 
without  the  evolution  of  sulphur  dioxide,  which  is  not  accounted  for  at  all  in  case  the 
second  of  the  primary  reactions  alone  takes  place,  which  he  states  did  take  place  at  80*  C. 

s  Watts  (vol.  II,  p.  41, 187s,  9d.)  notes  this  complete  decomposition. 
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Some  freshly  prepared  cuprous  sulphide  was  treated  with  con- 
centrated sulphuric  acid.  Sulphur  was  determined  in  the  undis- 
solved residue,  the  free  sulphur  being  first  removed. 

Pound.  Calculated  for  CnS. 

Sulphur 32.36  33.59 

The  formula, 

Cu,S  +  2H.SO,  =  CuS+  CuSO,  +  SO.+  H.O 

explains  such  a  change. 

Another  portion  of  cuprous  sulphide  was  boiled  with  concen- 
trated acid  until  it  nearly  all  disappeared.  The  free  sulphur 
produced  was  determined. 

Pound.  Calculated. 

Sulphur 19.71  20.138 

The  formula 

Cu,S  +  4H,S0,  =  2CUSO,  +  2SO.  +  S  +4H.O 

shows  the  final  result  of  the  continued  action  of  sulphuric  acid 
on  the  subsulphide. 

From  these  data  the  secondary  reactions  between  copper  and 
concentrated  sulphuric  acid  may  be  expressed  by  the  two  for- 
mulas, 

1 .  Cu.S  +  2H,S0,  =  CuS+  CuSO,  +  SO. -f  2H,0. 

2.  CuS-h2H,SO,  =  S  +  CuSO,  +  SO,-h2H,0. 

The  occurrence  of  sulphur  on  the  sides  of  the  flask  at  the  end 
of  the  reaction  may  be  said  to  be  due  to  the  sublimation  of  that 
element  which  is  produced  by  the  direct  decomposition  of  sul- 
phuiic  acid  without  the  intermediate  formation  of  hydrogen  sul- 
phide for  the  following  reasons  : 

1.  If  hydrogen  sulphide  were  produced  by  the  decomposi- 
tion of  the  sulphide,  it  is  natural  to  expect  some  to  escape  in 
the  gases  which  are  given  off.     None  could  be  detected. 

2.  As  is  well  known,  hydrogen  sulphide  is  decomposed  by 
concentrated  sulphuric  acid. 

3.  The  deposit  of  sulphur  is  first  noted  on  the  sides  of  the 
flask  and  not  in  the  delivery  tube  where  the  gases,  hydrogen 
sulphide,  and  sulphur  dioxide,  would  naturally  come  into  the 
most  intimate  relations. 

4.  If  flowers  of  sulphur  be  heated  with  concentrated  sulphuric 
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acid  in  a  flask  provided  with  a  long  outlet  tube,  much  of  the 
sulphur  will  be  seen  to  creep  up  the  sides  of  the  flask,  and  some 
sublimed  even  into  the  tube,  which  shows  that  the  state  of  affairs 
observed  may  be  attained  without  any  trace  of  hydrogen  sul- 
phide being  present. 

COPPER  OXYSULPHIDE. 

Contradictory  evidence  to  what  has  teen  stated  above  was 
found  in  one  case  where  the  insoluble  residue  approximated 
Cu0.2Cu,S  in  composition.  This  is  one  of  the  oxysulphides 
stated  by  Maumen6  to  exist  in  the  black  residue.  The  acid  was 
heated  to  250**  C.  in  an  Erlenmeyer  flask.  The  air  was  not 
removed  by  an  inert  gas.  The  copper  was  suspended  in  long 
strips,  only  a  third  of  which  was  immersed  in  the  acid,  the  other 
part  being  exposed  to  the  air. 

Th6  black  residue  formed  under  these  conditions  gave  on 
analysis : 

Calculated  for 
Pound.  Cu0.2CuaS. 

Sulphur 16.16  16.15 

Oxygen 3.54  403 

Copper undetermined  79-82 

Schuster*  found  that  copper  was  acted  on  by  dilute  sulphuric 
acid  only  in  the  presence  'of  atmospheric  oxygen.  Traube* 
noted  that  copper  was  not  oxidized  in  moist  air,  but  was  slowly 
in  the  presence  of  dilute  sulphuric  acid.  Although  copper  is 
unable  to  decompose  sulphuric  acid  at  ordinary  temperatures 
(according  to  Traube)  its  afiinit}'  for  SO^  and  that  of  hydrogen 
for  oxygen  are  together  sufficient  to  cause  such  a  decomposi- 
tion, the  probable  reaction  being  : 

Cu  +  HJS0,+  O,  =  CuSO,  +  HA, 
and  Cu  H,0,  =  CuO  +  H,0. 

I  could  detect  no  oxygen  in  the  gases  given  off  when  the  ex- 
periments were  carried  out  in  an  inert  atmosphere.  Nor  could 
I  detect  hydrogen  peroxide.  Traube  himself  states  that  no 
**  active  ''  oxygen  was  liberated  in  the  reaction  because  carbon 
monoxide  was  not  oxidized  to  carbon  dioxide.     Pickering"  sug- 

1  Proc.  Roy.  Soc..  55,  84  ;  Ber.  d.  chem.  Ges.^  a8,  219. 

2  Ber.  d.  chem.  Ges.,  z8, 1887-1890. 
*  Loc.  cit.,  p.  13S. 

» 
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gests  that  the  sulphide  formed  is  ' '  oxidized  at  the  time  of  its 
appearance  by  the  oxygen  which  would  be  liberated  at  the  sur- 
face of  that  portion  of  the  copper  which  is  immersed  in  the  acid, 
since  the  whole  arrangement  would  form  a  galvanic  cell  consist- 
ing of  a  metal,  a  liquid,  and  a  gas." 

Ukivbrsity  op  North  Cakoliiia. 
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Pkincipi<bs  and  Practice  op  Agricui^turai,  Anai«ysis.  By  Harvby 
W.  Wiley.  Volume  i,  Soils.  Cloth,  8  vo.,  pp.  607,  figures,  93.  Eas- 
ton  :  Chemical  Publishing  Co.     1894.    Price,  I3.75. 

This  first  bound  volume  includes  the  first  eight  parts  of  the 
compendious  work  now  in  process  of  publication. 

In  attempting  to  meet  the  wants  alike  of  analysts,  teachers, 
and  students  of  agricultural  chemistry,  the  author  has  under- 
taken a  most  difficult  task.  The  needs  of  the  several  classes  of 
readers  are  widely  different,  often  distinctly  opposite. 

Beyond  doubt,  each  of  the  classes  named  has  need  of  a  thor- 
oughly modern  treatise  upon  this  subject.  There  is  extant  no 
satisfactory  systematic  introduction  through  the  general  princi- 
ples of  analysis  to  the  special  methods  applicable  to  agricultural 
materials ;  the  student  is  ordinarily  compelled  to  the  study  of 
many  methods,  in  the  illustration  of  general  principles  and  for 
the  acquirement  of  facility  in  manipulation,  that  are  not  directly 
required  in  his  future  work,  and  which  might  often  be  happily 
substituted  by  methods  which  are  of  immediate  use.  Again, 
there  is  no  English  work  on  agricultural  analysis — except  of  the 
most  incomplete  scope — which  is  at  all  modern ;  nor  does  any 
work  upon  the  subject  in  any  language  cover  the  methods 
developed  in  America  during  the  past  ten  years.  On  the  other 
side,  the  Proceedings  of  the  Association  of  Official  Agricultural 
Chemists  state  the  American  oflBcial  methods  most  briefly,  for  the 
guidance  of  analysts  presumably  acquainted  with  the  methods 
in  general,  and  more  or  less  familiar  with  tl^e  reasons  for  the 
several  specifications,  and,  therefore,  without  explanatory  com- 
ment ;  nor  has  this  Association  undertaken,  as  yet,  to  cover  all  of 
the  large  field  involved.  Even  assuming  a  degree  of  linguistic 
attainment  altogether  beyond  that  of  the  average  student,  and  of 
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many  a  practicing  analyst,  the  foreign  treatises  upon  the  subject 
are  oftetl  so  brief  as  to  mislead  the  student  and  to  be  useless 
even  to  the  practicing  analyst.  The  opening  for  a  treatise  of 
the  design  outlined  by  Professor  Wiley  is  therefore  wide. 

The  perspective  pi  the  volume  will  serve  quite  well,  perhaps, 
to  elucidate  the  author's  treatment  of  his  subject  in  its  salient 
features;  of  607  pages,  over  one-tenth  is  devoted  to  a  brief 
study  of  the  materials  to  be  analyzed,  and  their  origin ;  one- 
twentieth  is  given  to  the  sampling  of  the  soil ;  one-seventh  to 
the  physical  properties  of  the  soil,  including  their  estimation ; 
one-sixth  to  mechanical  and  minefalogical  analysis ;  one- thirtieth 
to  the  determination  of  the  gases  of  the  soil ;  the  remaining  half 
of  the  volume  deals  with  the  chemical  analysis  of  the  soil, 
including  soil  waters. 

In  no  other  treatise  of  this  kind  are  the  relations  of  the  ana- 
lytical method  to  the  nature  of  the  problem  it  is  used  to  solve, 
so  fully  dwelt  upon ;  and  in  no  other  similar  treatise  do  the 
physical  and  mineralogical  properties  receive  a  treatment  so 
fully  in  accord  with  their  importance. 

The  style  is  clear  and  compact.  In  his  selection  of  methods 
no  attempt  has  been  made  by  the  author  to  limit  those  described 
to  the  number  found  useful  in  a  single  laboratory  only,  but 
general  experience  has  rather  been  consulted.  Especial  stress 
is  laid  upon  American  methods  because  the  reader  will  chiefly 
use  these  methods,  and  because  other  treatises  so  frequently 
ignore  them  ;  yet  no  other  treatise  gives  nearly  as  full  discus- 
sion even  to  the  Continental  official  methods,  and  the  judicial 
impartiality  of  the  author  is  highly  praiseworthy.  The  very 
recent  literature  has  been  drawn  upon  for  material,  and  the  wealth 
of  reference  will  be  especially  appreciated  by  the  teacher  and 
analyst;  this  volume  alone  contains  348  listed  references  to 
original  papers. 

This  work  is  furthermore  noteworthy  as  being  probably  the 
first  important  chemical  treatise  to  rigidly  follow  the  American 
Association  for  the  Advancement  of  Science  revision  of  chemical 
orthography.  The  practice  of  beginning  with  a  lower-case  type 
all  proper  names  used  in  the  text  to  designate  methods  is  an 
innovation  less  certain  to  be  followed.  The  figures  are  well 
selected  and  apposite. 
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The  publishers  are  to  be  congratulated  on  the  beautiful  typo- 
graphy of  the  volume,  its  good  press-work,  and  its  freedom  from 
printer's  errors. 

Judging  of  this  work  by  the  first  volume  it  may  be  said, 
briefly,  that  it  is  the  most  modem,  the  most,  complete  and  the 
very  best  treatise  upon  the  subject  of  agricultural  analysis,  and 
that  it  meets  more  largely  than  any  other  book  on  the  subject, 
the  needs  of  the  teacher,  the  student,  and  the  working  analyst. 
It  is  not,  of  course,  a  text-book  of  agricultural  chemical  analy- 
sis, nor  a  hand-book  of  the  laboratory,  but  it  should  find  its 
place  upon  the  reference  tables  of  all  laboratories.  Nor  is^  its 
usefulness  confined  to  the  analyst  of  agricultural  products  alone, 
for  every  general  analyst  will  find  in  its  pages  a  great  mass  of 
material,  superbly  arranged,  to  which  he  could  daily  refer'  with 
direct  advantage  to  his  work.  William  Frear. 

A  Hand-Book  of  Industrial  Organic  Chemistry.  By  Samuel  P. 
Sadtler,  Ph.D.,  F.C.S.  Second  revised  and  enlarged  edition.  8  vo. 
PP'  537-  Philadelphia :  J.  B.  Lippincott  &  Co.  1895.  Price,  cloth 
I5.00,  sheep  |6.oo. 

The  hundreds  of  manufacturers  of  chemical  products  in  this 
and  other  countries  who  are  struggling  with  the  puzzling  prob- 
lems of  daily  practice  and  the  vexatious  details  so  essential  to 
commercial  success,  eagerly  watch  for  and  greedily  accept  every- 
thing which  may  possibly  clear  up  difficulties  or  offer  sugges- 
tions, and  such  works  as  this  of  Dr.  Sadtler's  find  the  heartiest 
of  welcomes  waiting  for  them.  It  is  not  surprising,  therefore, 
that  this  work  from  so  excellent  authority  should  soon  be  out  of 
print  and  that  a  second  edition  should  be  needed  to  meet  the 
current  demand. 

Limited  in  volume,  and,  therefore,  in  detail,  works  of  this 
class  serve  two  important  purposes :  First,  they  furnish 
teachers  in  compact  and  reliable  form  for  presentation  to  their 
students,  ample  description  of  the  principles  and  processes  used 
in  the  chemical  industries.  Second,  they  furnish  manufacturers, 
working  in  more  or  less  empirical  ways,  knowledge  of  the  fun- 
damental principles  of  the  processes  they  employ,  or  general 
principles  of  methods  other  than  their  own  but  attaining  the  same 
end,  possibly  with  greater  economy  both  of  time  and  means. 

In  the  second  instance  they  meet  only  partially  the  prevailing 
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demand.  Manufacturers  are  desirous,  it  is  true,  of  becoming 
acquainted  with  the  experience  of  others  even  in  other  branches  of 
industry,  but  the  difficulties  they  meet  are  frequently,  if  not 
generally,  as  much  mechanical  as  chemical,  and  better  and  more 
effective  forms  of  apparatus  as  well  as  general  reactions  are 
needed.  Furthermore,  profits  in  manufacture  depend  in  these 
days  largely  upon  the  utilization  of  the  waste  products,  and  the 
practical  operation  of  many  processes  are  dependent  upon  the 
retention  or  destruction  of  wastes,  noxious  or  undesirable. 
Methods  and  apparatus  are  wanted  for  properl}-  caring  for  these 
important  factors  of  the  industrial  problems. 

In  the  work  before  us  Dr.  Sadtler  has  succinctly  set  forth  the 
progress  attained  to  date  in  the  industries  discussed  and  in  a 
large  measure  has  met  the  demands  described.  Perfection  is 
rare,  and  doubtless  many  of  us  might  be  able  to  suggest  addi- 
tions to  the  several  chapters  dictated  by  personal  experi- 
ence ;  yet  with  the  material  offered,  together  with  the  biblio- 
graphy, the  references  to  other  and  larger  works  and  particu- 
larl}^  to  the  periodical  liturature,  it  is  questionable  if  one  can 
find  a  better  dme  saver  in  all  the  range  of  technical-chemical 
publications  than  is  provided  in  this  work. 

In  fourteen  chapters,  covering  492  pages,  the  industries  most 
common  to  this  country,  at  least,  are  discussed  under  five  gen- 
eral heads,  viz :  Raw  materials ;  Processes  of  manufacture  ; 
Products ;  Analytical  tests  and  methods ;  Bibliograph}'^  and 
statistics ;  and  in  this  systematic  way  the  essential  facts  are  pre- 
sented.. Descriptions  for  empirical  work  are  accompanied  b}'- 
analytical  methods  for  rational  control.  In  addition  thereto  is 
an  appendix  giving  conversion  tables  and  tables  of  physical  and 
chemical  constants  useful  wherever  the  work  may  go. 

One  hundred  and  twentj'-seven  most  excellent  cuts  represent- 
ing machinery  and  apparatus  used  in  the  works  or  laboratories 
illii.strate  the  text  and  fourteen  diagrams  illustrate  the  various 
successive  steps  in  processes  of  manufacture  or  analysis.  A 
thoroughly  complete  index  makes  reference  most  convenient 
and  will  charm  those  who  have  suffered  the  vexation  incident 
to  the  use  of  books  not  similarly  provided. 

William  McMurtrie. 
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A  CONVENIENT  STILL  FOR  THE  LABORATORY.* 

By  Charles  E.  Wait. 

Received  October  14,  189s- 

IN  the  use  of  the  apparatus  purchased  for  the  new  chemical 
laboratories  of  the  university,  no  piece  has  given  us  more 
satisfaction,  or  has  been  a  greater  success,  than  a  new  still, 
which  is  the  subject  of  this  paper.  In  the  designing  of  this  still 
I  had  two  definite  objects  in  view  ;  one,  the  utilizing  of  steam 
from  the  large  sixty  horse-power  boiler  used  in  heating  the 
building,  and  the  other,  a  provision  for  making  distilled  water 
with  gas,  when  steam  from  the  heating- plant  was  not  available. 
The  still  is  encased  in  wrought-iron,  with  a  lining  of  asbestos, 
and  is  provided  with  a  float  which  automatically  iregulates  the 
flow  of  water  from  the  supply -pipe.  It  is  a  beautiful  piece  of 
apparatus,  and  the  workmanship  is  excellent  in  every  detail. 
The  essential  parts  of  this  apparatus  will  be  understood  by  con- 
sulting the  accompanying  figures,  but  a  few  words  of  explana- 
tion may  be  appropriate.  The  still  has  a  bapacity  of  seven  gal- 
lons, and  is  made  of  heavy  copper,  tin-lined.  It  has  a  water- 
gauge  showing  the  height  of  the  water  in  the  still,  also  an  exit 
for  steam,  and  safety-valve,  V  ;  inlet  for  steam  through  a  coiled 
perforated  block-tin  pipe ;  also  an  outlet,  O,  for  cleaning  out 
the  still ;  and  there  is  also  a  heavy  disk  gas-burner.  There  is  a 
conveniently-arranged  drying-oven  and  a  large  condenser,  carry- 

1  Read  before  the  American  Institute  of  Mining  Ensrineersr 
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ing  two  block-tin  worms,  one  direct  from  the  still,  the  other 
from  the  oven,  both  delivering  water  to  a  carboy  resting  on  the 
floor.  When  steam  is  taken  from  the  large  boiler,  provision  is 
made,  by  an  arrangement  seen  in  Pig.  2,  located  at  Z,  beneath 
the  floor,  to  cleanse  the  steam,  before  it  reaches  the  still,  from 
the  water  mechanically  carried  into  the  pipes.  The  water 
returns  to  the  boiler,  while  the  steam  passes  to  the  still.  By 
the  arrangement  of  the  steam- valves,  S,  it  is  possible  to  deliver 
the  steam  to  the  empty  still,  where  if  is  again  washed,  and  may 
then  be  passed  either  to  the  oven  or  direct  to  the  condenser  or  to 
both.  Or  the  steam  from  the  boiler  may  be  taken  direct  to  the 
oven  or  to  the  condenser  or  to  bpth.  When  a  small  quantity  of 
steam  is  admitted  to  the  still,  most  of  the  distilled  water  is  con- 
densed in  the  oven  and  is  caught  in  a  copper  tin-lined  vessel 
underneath,  through  the  valve,  M,  a  part  passing  to  the 
condenser  and  then  to  the  glass  vessel,  from  which  it  may  be 
forced  to  the  carboy  above.  When  there  is  no  steam  in  the 
large  boiler  gas  is  used,  the  water  being  kept  in  the  still  at  a 
constant  level  by  the  automatic  arrangement  before  mentioned 
and  seen  in  the  sketch.  In  this  case  the  steam  may  be  passed 
to  the  drying  oven  or  to  the  condenser  direct  or  to  both,  as  here- 
tofore mentioned.  In  the  case  of  gas  alone,  the  still  has  a 
capacity  of  about  twenty-six  gallons  of  distilled  water  per  day , 
w^hile  with  steam  from  the  boiler  at  a  pressure  of  five  pounds,  I 
have  made  distilled  water  at  the  rate  of  112  gallons  per  day.  A 
convenient  system  of  piping  has  been  arranged  for  supplying 
water  to  the  still  and  condenser,  to  the  latter  at  N,  and  under 
control  of  valves,  W,  as  seen  in  the  sketch.  The  still  and  con- 
denser are  both  connected  with  the  waste,  and  may  be  emptied 
and  cleaned  when  necessary.  Other  details  of  this  apparatus 
are  shown  in  the  drawings.  As  I  have  used  this  still  constantly 
for  a  year,  and  fully  appreciate  its  merits  and  good  points,  I 
have  no  hesitation  in  recommending  the  design  to  those  who 
may  wish  a  still  for  the  purpose  for  which  this  one  is  used. 


ON  THE  ESTIMATION  OP  THE  EXTRACTION  IN  SUGAR 

H0U5E5.' 

BT  M.  Trubbk. 
Rec«iT«d  September  9. 1895. 

ONE  of  the  most  important  things  to  be  considered  in  the 
control  of  the  work  in  sugar  houses  is  the  exact  deter- 
mination of  the  extraction,  that  is,  the  weight  of  juice  obtained 
from  100  parts  of  cane.  This  is  calculated  in  different 
ways.  The  raw  juice,  as  it  comes  from  the  mill,  passes  through 
measured  vessels  before  entering  the  clarifiers.  From  the  num- 
ber of  the  vessels  filled  or  emptied  during  a  certain  time,  the 
quantity  of  juice  yielded  by  a  certain  weight  of  cane  is  deter- 
mined. When  working  with  dilution,  the  amount  of  diluting 
material  has  to  be  subtracted.  Or  the  bagasse,  yielded  by  a 
certain  quantity  of  cane,  is  ascertained,  and  the  weight  of  the 
cane  minus  the  weight  of  the  bagasse,  gives  the  extraction. 

The  juice  is  generally  measured  directly  in  the  clarifiers,  and 
after  making  a  correction  in  the  volume  for  the  higher  tem- 
perature the  juice  has  when  it  reaches  the  mark  in  the  clarifi- 
ers, the  per  cent,  dilution,  if  there  is  any  ;  any  other  quantities 
added  and  reintroduced,  as  lime,  syrup  washings,  etc.,  are  de- 
ducted. 

The  determination  of  the  extraction  by  this  method  offers 
some  difiSculties.  Among  others,  some  of  the  "quantities 
reintroduced  **  are  hard  to  control ;  the  mark  in  the  clarifiers  is 
often  not  easily  seen  on  account  of  the  foam  on  top  of  the  juice. 
Moreover,  the  person  in  charge  will  have  to  take  his  figures,  as 
quantity  of  lime  in  the  different  clarifiers,  number  of  clarifiers 
filled  during  a  certain  period,  amount  of  syrup  settlings  left  in 
the  syrup  tanks  and  water  used  for  washing  them,  etc.,  from  the 
workingmen,  who  do  not  give  them  with  the  necessary  exact- 
ness. 

It  would  be  of  great  value,  therefore,  if  a  method  could  be 
found  to  determine  the  extraction  from  data  found  in  the  labora- 
tory only. 

In  case  the  juice  was  not  diluted,  the  extraction  can  be  figured 
from  the  fiber  in  the  cane  and  that  in  the  bagasse. 

1  Read  at  the  Springrfield  meeting. 
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In  1865,  E.  leery,  in  an  article  entitled  **  De  quelques 
recherches  sur  le  jus  de  la  canne  k  sucre  et  sur  les  modifications 
qu*  il  subit  pendant  le  travail  d'extraction  k  1' tie  Maurice/** 
admitting  the  inconveniences  in  the  old  method  proposed  to 
determine  the  extraction  from  the  bagasse  of  the  cane  under 
operation  ;  the  fiber  of  the  latter  is  either  known  or  has  to  be 
found  by  analysis.     He  proceeds  as  follows : 

Two  hundred  and  fifty  grams  of  the  bagasse,  (care  being  taken 
that  the  latter  represent  a  good  average  sample) ,  were  quickly 
extracted  with  luke-warm  water  and  then  dried  perfectly  in  a 
drying  stove. 

Let  B  =  weight  of  the.  wet  bagasse. 

**    C  =  fiber  in  the  cane. 

'*    X  =  weight  of  juice  extracted,  then  ^— — —  will   repre- 

sent  the  weight  of  cane  yielding  the  amount  of  the  wet  b&gasse 
B,  and 

100  B^        n 

The  extraction^  per  100  parts  cane  is  then  found  according  to 

100  B'  X  C 

2.  — T5 —  :  ;r=  100:  r:    y=^  — -—  . 
C  -^  *   -^        B' 

If  a  determination  of  the  fiber  in  the  cane  is  not  made,  the 
author  sets 

Cr=  10     for:  Belloughet  (Java  cane). 

Diard. 
and  C=:  11.5    '*  :  white  or  Tahitian . 

Batavian. 

Guingham  (violet  ribboned) . 
Penang. 
The  equations  cited  above   (i  and  2)  become  simpler  when 
calculating  during  the  previous  procedure  the  amount  of  dry 
bagasse    per  loo  parts  of  wet  bagasse  =  fiber  per    cent,    qf 
bagasse. 

P.  F^  :  C=  100:  jit;  IP.  100 — x  =  Ey  where  F^  =  fiber  in 

1  Ann.  chim.  et.  Phys.^  5,  350-410. 
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bagasse ;  C=  fiber  in  cane;  x=i  bagasse  yielded  by  loo  parts 
cane ;  E  =  extraction.  Very  often,  in  order  to  effect  a  more 
thorough  exhaustion  of  the  sucrose  in  the  cane,  water  is  allowed 
to  run  in  fine  streams  on  the  bagasse,  coming  from  the  first  set 
of  rollers,  and  the  resulting  bagasse  contains  therefore  a  certain 
amount  of  water  not  belonging  to  the  cane.  In  this  case  I  deter- 
mine the  extraction  in  the  following  way  : 

If  /^Bi=^  fiber  in  diluted  bagasse, 

B  =  original  bagasse  corresponding  to  loo  parts  of  diluted 

bagasse, 
Fq  =■  fiber  in  cane, 

X    ^  bagasse  resulting  from  lOo  parts  of  cane, 
£  =•  extraction, 

we  have  the  following  equations  : 
I.         ^        ./^c        loo.^. 

2.    ICO  —  x  =  £. 

The  unknown  figures  are  B,  x,  and  Ey  as/^si  and  Ec  are  found 
by  analysis  of  the  cane  and  its  bagasse. 

In  order  to  find  a  third  equation  we  determine  the  sucrose  in 
the  cane,  the  extracted  juice  and  the  resulting  diluted  bagasse. 

I^et  J=  sucrose  in  cane,  s^  =  sucrose  in  juice. 
^Bi  =  sucrose  in  diluted  bagasse. 

In  (lOO — E)  bagasse  there  is  left  (s  —  — ^  j   sucrose,    or   in 

\  100/ 

100  bagasse  \  ^QQ^ 

100  —  E 

We  have  therefore  as  the  third  equation : 


100. 


(' 


i)      100 

100/ 


100 — E  100 


After  eliminating  we  have 


E  = 


f=t^*+(-f)',  where 
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^  _  100 /'b.  (^  +  ^.)— 100-^81  Fc 

^  _  loooo  {Fc  Jb,  —  ^B»  >y) 

In  the  equation  for  E  only  the  minus  sign  has  to  be  taken. 
Example : 

Nov.  ag,  1894.  Dec.  i,  1894. 

Tons  ground 1105  1056 

Regular  feed  on  the  carrier  : 

/i,  =  41.94;  Fc=ioM\  ^»=  10.95;  ^  =  9-785;  ^B,  =  4.8o. 
Substituting  in  the  equation  for  E  we  have 

E  =  89. 12  —y\  —7824.05  +  7942.37 

=178.25  per  cent. 

It  is  obvious  that  in  order  to  get  good  results  extreme  care 
must  be  taken  to  obtain  an  average  sample  of  the  cane  and  the 
bagasse,  or  the  results  will  not  represent  the  true  facts.  I  will 
admit  that  it  is  not  easy  to  obtain  such  an  average  sample  and 
that  exact  methods  for  determination  of  the  woody  fiber  and 
sucrose  in  cane  and  bagasse  have  not  yet  been  found.  In  the 
future  I  will  report  more  fully  on  this  subject. 

Chemical  Laboratory  op  Raceland 
Plantation,  Racbland,  La. 


ON  SILICIDE5  OF  IRON. 

By  G.  db  Cmalmot. 
Received  September  33, 1895. 

IRON  and  silicon  readily  unite  at  a  high  temperature.  Silicides 
of  iron  of  a  definite  composition  have  been  made  by  Hahn.^ 
He  obtained  compounds  of  the  formula  :  Fe,Si,FeSi,  and  FeSi,. 
Since  carbon  readily  reduces  silica  at.  the  temperature  of  the 
electric  arc,  I  expected  to  obtain  silicides  of  iron  with  a  large 
percentage  of  silicon  by  heating  iron  with  silicon  and  carbon  in 
an  electric  furnace.  Iron  filings,  charcoal  and  sand  were  used 
and  a  silicide  was  obtained  that  contained  from  twenty-three  to 
twenty-seven  per  cent,  of  silicon.  In  order  to  obtain  this  com- 
pound there  must  be  an  excess  of  sand  and  carbon.     This  com- 

"^Ann.  Ckem,  (Liebig),  199,  57. 
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pound  is  white,  crystalline,  very  hard,  brittle  and  very  little 
magnetic,  the  more  so  however  if  the  percentage  of  silicon 
decreases.  It  conducts  the  electricity  very  well.  In  a  pure  con- 
dition it  forms  sometimes  crystals  of  one  cm.  long.  These  crys- 
tals have  the  formula  Fe.Si,. 

Calculated.  Pound. 

Silicon 25.04  25.17  25.30 

Iron 74-96  74'75  •••• 

The  specific  gravity  is  6.36.  This  compound  is  very  resistant 
against  acid  oxidizing  agents.  A  sample  of  the  silicide  was 
ground  and  sieved  through  a  100  mesh  sieve. 

Cold  aqua  regia  (iHNO,  +  3HCI)  dissolved  by  frequent  stir- 
ring in  two  days  9.86  per  cent.,  and  in  nine  days  10.57  percent. 
Of  a  sample  of  silicide  containing  12.85  per  cent,  of  silicon  66.84 
per  cent,  was  dissolved  by  the  same  reagent  in  two  days.  The 
commercial  silicide  of  iron  contained  about  eleven  to  thirteen  per 
cent,  of  silicon,  the  original  silicide  contained  24.1  per  cent, 
of  silicon,  that  treated  for  nine  days  with  aqua  regia  contained 
27.2  per  cent.,  which  shows  that  only  iron  but  no  appreciable 
amount  of  silicon  had  been  dissolved.  The  silicide  is  quite  de- 
composed by  hydrofluoric  acid  and  also  if  it  be  melted  with  a 
mixture  of  sodium  and  potassium  carbonate  to  which  some  po- 
tassium nitrate  has  been  added. 

Silicide^  of  iron  of  great  purity  can  be  formed  from  impure 
materials  like  coke  and  river-sand.  Iron  ore  may  replace  the 
filings. 

I  have  also  prepared  in  the  electric  furnace  silicides  of  a  higher 
percentage  of  silicon,  i,  e,,  29.3,  33.3,  and  46.2  per  cent. 

These  silicides  seem  to  be  mixtures  of  the  compounds  Fe,Si, 
and  FeSi,.  The  latter  compound  is  described  by  Hahn  as 
metallic  greyish  crystals. 

The  material  richest  in  silicon  which  I  obtained  contained : 

Calculated  for  -Pound. 

FcSij. 

Silicon 50.26  46.22 

Iron 49.84  53-7^ 

The  specific  gravity  of  this  material  was  4.851.  •  It  was  very 
brittle,  crystalline,  grey  and  nonmagnetic.  Aqua  regia  dis- 
solved in  two  days  only  0.76  per  cent,  of  the  material  that  had 
been  sieved  through  a  100  mesh  sieve. 

WXLLSON  ALUMINUM  CO.,  SPRAY,  N.  C. 


ESTIHATION  OF  PHOSPHORIC  ACID  IN  50IL5  BY  DOUBLE 

PRECIPITATION  WITH  MOLYBDIC  SOLUTION   AND 

TITRATION  OF  THE  AHflONIUM  PHOSPHO- 

nOLYBDATE  WITH  STANDARD  ALKALI. 


By  C.  B.  Williams. 

Received  September  30,  i89S> 


THE  accurate  estimation  of  the  small  quantities  of  phosphoric 
acid  usually  present  in  the  acid  extract  of  soils  is  a 
question  that  has  given  no  small  amount  of  trouble  in  soil 
analysis.  There  seems  to  be  two  main  difficulties.  First,  in  the 
precipitation  with  molybdic  solution  in  the  presence  of  large 
quantities  of  iron  and  aluminum  salts,  compounds  of  these  latter 
elements  are  also  often  precipitated  with  the  ammonium  phos- 
phomolybdate,  and  are  either  dissolved  by  the  ammonia  wash  or 
remain  in  the  cone  of  the  filter  as  phosphates,  thus  giving  rise 
to  high  or  low  results,  as  the  case  may  be,  unless  special  precau- 
tions are  taken.  In  the  second  place  very  small  quantities  of 
phosphoric  acid  are  not  precipitated  readily  by  magnesium 
chloride  mixture  and  usually  require  long  standing  to  be  com- 
plete, in  which  case  the  precipitate  is  very  liable  to  contain  an 
excess  of  magnesia,  thus  giving  rise  to  higher  results. 

Some  work  in  the  laboratory  of  the  North  Carolina  Experi- 
ment Station  upon  the  samples  sent  out  by  Prof.  A.  M.  Peter, 
reporter  of  the  A.  O.  A.  C.  on  soils,  indicate  that  these  difficul- 
ties are  readily  overcome  by  the  following  procedure  :  The 
hydrochloric  acid  extract  of  the  soil  is  obtained'  by  digesting  the 
soil  in  acid  of  1.115  sp.  gr.  at  the  temperature  of  boiling  water 
and  under  atmospheric  pressure  for  ten  hours.  The  organic 
acid  (one  per  cent,  citric  acid  and  0.63  per  cent,  oxalic  acid  solu- 
tions) extracts*  are  obtained  by  digestion  at  laboratory  tempera- 
ture for  five  hours.  Care  must  be  taken  to  destroy  all  organic 
mattei  in  the  hydrochloric  acid  extract  as  well  as  in  the  organic 
acid  extracts.  This  is  done  in  the  former  case  by  adding  about 
one  cc.  concentrated  nitric  acid  for  every  three  cc.  of  the  portion 
taken  for  analysis  and  evaporating  to  two  or  three  cc.  concen- 
tration, and  in  the  latter  cases  by  evaporating  the  extracts  to 
dryness  and  igniting  with  the  addition  of  a  small  quantity  of 

1  U.  S.  Dept.  AgT.  Div.  Chem.,  Bui.  43,  page  387. 

9  Sec  report  of  A.  O.  A.  C.  Reporter  on  Soils  for  1895. 
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nitric  acid  until  organic  matter  is  completely  destroyed.  These 
residues  are  now  dissolved  up  to  convenient  volumes,  and  por- 
tions corresponding  to  eighteen,  twenty  or  more  grams  of  soil, 
and  portions  of  the  hydrochloric  acid  extract  corresponding  to 
one  or  more  grams  of  soil  (according  to  the  richness  in  phos- 
phoric acid)  are  precipitated,  after  adding  about  fifteen  grams 
ammonium  nitrate,  at  40"*  C,  with  a  large  excess  of  molybdic 
solution,  (thirty  cc.  is  usually  enough),  let  stand  four  hours, 
filter  and  wash  with  water  twice.  Now  dissolve  the  precipitate 
into  the  beaker  used  for  precipitation  with  dilute  ammonia,  wash 
the  filter  with  dilute  nitric  acid  and  add  concentrated  nitric  acid 
until  precipitate  begins  to  re-form  ;  add  ten  grams  ammonium 
nitrate,  digest  in  water-bath  at  65"  C,  add  two  cc.  strong  nitric 
acid  with  vigorous  stirring,  let  stand  five  minutes,  add  two  cc. 
molybdic  solution,  let  stand  eight  minutes  more  and  filter,  wash 
and  titrate  according  to  volumetric  method  in  this  laboratory.* 
The  results  presented  in  the  table  were  obtained  in  the  course 
of  this  investigation  and  show  very  close  agreement  with  each 
other  on  the  same  solutions. 
Voi^UMETRic  Determination  of  Phosphoric  Acid  Compared  with 


Officiai.  Gravimetric  Method. 

Hydrochloric  acid  solution. 

Citric  acid  solution. 

Oxalic  acid  solution. 

Official  gravi- 

No.  of    metric 

First            Second 

First 

Second 

First 

Second 

sample,  method. 

sol  utiou.     [  solution . 

solution. 

[solution. 

solution. 

solution. 

I          0.4505 

0.4170         0.4069 

0.0282 

0.0290 

0.0505 

•  •  « 

0.4170         0.4069 

0.0282 

0.0287 

0.0505 

k  •  •  • 

0.4170         0.4069 

0.0282 

0.0287 

0.0510 

t  m   •  • 

0.4170         0.4069 

0.0282 

0.0287 

0.0510 

2            0 

.1720 

0.1826         0.1826 

O.OII9 

0.0146 

0.0060 

•   •   • 

0.1775         0.1826 

O.OII9 

0.0146 

0.0060 

*  m   •   • 

0,1826         0.1928 

O.OII9 

0.0146 

0.0065 

•   •   • 

0.1826         0.1928 

0.0122 

0.0152 

0.0065                 ^ 

3        0 

.3956 

0.3767         0.3867 

0.0233 

0.0255 

0.0475 

•    •    • 

0.3869         0.3867 

0.0233 

0.0255 

0.0475 

•    •    • 

0.3869         0.3867 

0.0233 

0.0255 

0.0483 

•    •   • 

0.3767         0.3818 

0.0233 

0.0261 

0.0483 

»    •    •    • 

0.3767 

•  •  •  • 

•  •  •  • 

•  •  •  • 

»   •    ■   • 

0.3818            

•  •  •  • 

•  •  •  • 

•  •  •  • 

4        0 

•1932 

0.1828         0.1929 

0.0157 

•  ■  •  • 

0.0087 

•    •   • 

0.1878         0.1929 

0.0157 

•  •  •  ■ 

0.0087 

•    •   • 

0.1928         0.1929 

0.0157 

•  •  •  • 

0.0087 

•    •   • 

0.1878         0.1878 

0.0162 

•  •  •  • 

0.0084 

N.  C.  Experiment  Station,  Raleigrh,  N.  C. 

1  See  description  of  volumetric  methods  in  methods  of  the  A.  O.  A.  C.  for  1895. 


ON  THE  USE  OF  ORGANIC  BASES  IN  THE  PREPARATION 
OF  BARIUn  AND  CALCIUM  FERROCYANIDES. 

By  Percv  H.  Waucbr. 

Received  October  az,  1895. 

THE  methods  hitherto  proposed  for  the  preparation  of  ferro- 
cyanides  of  barium  and  calcium  are  based  either  upon  the 
decomposition  of  Prussian  blue  by  the  hydroxides  of  barium  or 
calcium  ;  or  upon  double  decomposition  of  barium  or  calcium 
salts  on  the  one  hand,  and  potassium  ferrocyanide  on  the  other. 

It  is  very  difficult  to  prepare  Prussian  blue  free  of  potassium, 
and  the  double  ferrocyanides  of  barium  or  calcium  with  potas- 
sium are  formed  more  readily  than  the  simple  salts.  Even  when 
the  simple  salts  are  formed,  if  any  potassium  salt  has  been  used 
in  the  preparation,  it  is  almost  impossible  to  remove  the  whole 
of  the  potassium  by  recrystallization. 

After  trying  various  other  methods  for  the  preparation  of 
barium  ferrocyanide,  and  having  very  poor  success,  I  undertook,, 
at  the  suggestion  of  Dr.  Launcelot  Andrews,  to  prepare  it  accord- 
ing to  the  following  method : 

This  method  depends  upon  the  formation  of  the  normal 
strychnine  ferrocyanide,  the  decomposition  of  this  with  ammonia, 
and  the  decomposition  of  the  ammonium  ferrocyanide  by  means 
of  barium  hydroxide.  Strychnine  was  converted  into  the  acetate 
by  gently  heating  with  water  and  the  calculated  amount  of  ace- 
tic acid.  This  salt,  though  one  of  the  most  soluble  salts  of 
strychnine,  readily  separates  in  the  crystalline  form  from  com- 
paratively dilute  solutions  when  allowed  to  cool,  so  it  is  best  to 
keep  it  warm.  A  solution  of  the  calculated  amount  of  potas- 
sium ferrocyanide  was  added  to  the  strychnine  acetate,  allowed 
to  stand  in  a  warm  place,  stirred  frequently,  and  the  white  crys- 
talline strychnine  ferrocyanide,  filtered  and  washed.  After 
washing,  the  strychnine  ferrocyanide  was  thoroughly  mixed 
with  ammonia  water  in  excess,  which  decomposed  it  forrfiing 
ammonium  ferrocyanide  and  precipitating  strychnine,  which  was 
easily  separated  from  the  solution  of  ammonium  ferrocyanide, 
and  could  be  used  over  again. 

The  solution  of  ammonium  ferrocyanide,  with  excess  of 
ammonia,  was  then  boiled  with  a  solution  of  the  calculated 
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amount  of  barium  hydroxide  until  no  more  ammonia  was  given 
off.  The  solution  was  alloveed  to  cool,  decanted  from  the  crys- 
tals, and  the  mother  liquid  further  evaporated.  The  crystals 
were  dried  in  the  air.  They  were  found  to  contain  a  very  slight 
amount  of  barium  carbonate.  On  analysis,  they  gave  9.43  per 
cent,  of  iron  and  46.98  per  cent,  of  barium,  which  corresponds 
very  closely  to  a  salt  of  the  composition  represented  by  the  for- 
mula Ba,Fe(CN),.6H,0,  and  which  is  described  in  Wurtz  Diet, 
de  Chim.,  p.  1090. 

The  barium  ferrocyanidecan  be  easily  prepared  by  this  method. 
The  main  objections  to  this  method  are  the  bulk  of  liquid 
required  to  dissolve  the  strychnine  salt,  and  the  chance  for  the 
formation  of  barium  carbonate  during  the  boiling  of  the  ammo- 
nium ferrocyanide  solution  with  barium  hydroxide.  This  last 
objection  can  be  largely  avoided  by  boiling  in  a  large  flask,  not 
with  the  direct  flame,  but  by  passing  in  a  current  of  live  steam. 
This  latter  method  also  has  the  advantage  of  inducing  the  for- 
mation of  better  crystals  of  barium  ferrocyanide. 
The  following  equations  represent  the  reactions  : 
(i)  C„H„NA+CH.COOH  =  C,,H„NACH,COOH. 

(2)  4C,,H„NACH,COOH  +  K,Fe(CN), 

=  (C,,H„NA)4H,Fe(CN),-h4CH,COOK. 

(3)  (C,,H„NA).H,Fe(CN).+  4NH3 

=  4C„H„NA  +  (NH,),Fe(CN).. 

(4)  (NH,),Fe(CN).-h2Ba(0H), 

=  4NH.  +  4H,0  +  Ba.Fe(CN).. 

Quinoline  ferrocyanide  was  prepared  in  a  similar  manner,  and 
this  was  treated  directly  with  barium  hydroxide  solution,  and  the 
attempt  made  to  get  rid  of  the  quinoline  by  distilling.  A  large 
amount  of  Prussian  blue  was  formed,  however,  and  the  mass  was 
thrown  away.  No  other  attempt  was  made  using  quinoline,  as 
it  was  then  thought  that  dimethylaniline  would  answer. 

T\iis  latter  method  is  the  easiest  tried  and  leaves  little  to  be 
desired.  Dimethylaniline  is  mixed  with  water,  and  hydrochloric 
acid  added  in  slight  excess.  This  solution  then  mixed  with  po- 
tassium ferrocyanide  solution, the  whole  filtered  and  the  precipi- 
tate washed  with  the  least  possible  amount  of  water,  then  with 
alcohol,  and  finally  with  ether,  and  dried  between  pieces  of  filter- 
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paper.     As  little  water  as  possible  ttust  be  used,  as  the  salt  is 
rather  soluble. 

ANALYSIS  OF  THE  DIMETHtLANII^INE  SALT. 

Into  a  beaker  was  put  0.2220  gram  with  about  one  gram  pure 
calcium  carbonate,  titrated  with  standard  silver  nitrate  (one  cc. 
=  5.829  milligrams  sodium  chloride)  using  potassium  chromate 
as  indicator.  Required  18.4  cc.  The  end  reaction  was  not  very 
sharp,  and  after  standing  over  night  the  red  color  disappeared. 
Then  added  more  of  the  silver  solution,  making  a  total  of  19. 500. 
One  cc.  of  the  above  silver  nitrate  solution  would  be  equivalent 
to  11.26  milligrams  di-acid  dimethylanilineferrocyanide.  There- 
fore the  19.5  cc.  would  correspond  to  0.21957  gram. 

Taken,  0.1325  gram  mixed  with  water  and  two  cc.  dilute  sul- 
phuric acid  added.  Then  added  17.18  cc.  silver  nitrate  solution 
and  two  cc.  solution  of  iron  alum,  titrated  back  with  solution  of 
potassium  thiocyanate  corresponding  to  the  silver  nitrate  solu- 
tion. Required  six  and  one- tenth  cc.  Therefore  11.08  cc.  sil- 
ver nitrate  solution  used  up  bj'^  salt.  In  this  the  end  reaction 
was  not  sharp. 

Taken,  0.1341  gram  salt.  Treated  as  above  except  filtered 
before  titrating  back  silver  nitrate.  Sixteen  cc.  silver  nitrate 
added,  four  and  one-tenth  cc.  potassium  thiocyanate  required. 
Therefore  11.9CC.  silver  nitrate  solution  used,  which  corresponds 
to  0.1340  gram  of  the  di-acid  salt. 

Mixed  0.1350  gram  with  water  and  titrated  with  tenth  normal 
sodium  hydroxide,  using  phenolphthalei.n  as  indicator. 

Required  twelve  cc.  which  corresponds  to  0.1351  gram  of  the 
di-acid  salt. 

The  compound  is,  therefore,  the  di-acid  dimethylaniline  ferro- 
cyanide  [C,H.N(CH.),H],H,Fe(CN)„  a  white  crystalline  salt, 
which  is  somewhat  soluble  in  water. 

PREPARATION  OF  BARIUM  FERROCYANIDE  BY  THE  DIMETHYL- 
ANILINE  FERROCYANIDE  METHOD. 

30.5  grams  di-acid  dimethylaniline  ferrocyanide  is  mixed  with 
barium  hydroxide  solution  containing  22.5  grams  barium 
hydroxide  and  shaken  violently  for  some  time  in  a  flask  or  sepa- 
ratory  funnel.     Most  of  the  barium  ferrocyanide  crystallizes  out 
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directly  and  can.be  filtered  from  the  liquid.  The  dimethylani- 
line  is  recovered  by  shaking  the  liquid  with  ether,  which  also 
causes  more  of  the  barium  ferrocyanide  to  separate. 

The  crystals  of  barium  ferrocyanide  should  be  well  washed, 
first  with  a  little  water  and  then  with  alcohol.  The  following 
equations  express  the  reactions  taking  place : 

(i)  C,H.N(CH,),  +  HC1  =  C,H,N(CH,),HC1. 

(2)  2C,H.N(CH.),HCl  +  K,Fe(CN),+  2HCl 

=  4X01+  [C,H,N(CH.),H],H,Fe(CN).. 

(3)  [C.H.N(CH.),H],H,Fe(CN).+  2Ba(0H), 

=  2C.H.N(CH.),  +  4H,0  +  Ba.Fe(CN),. 
Barium  ferrocyanide  [Ba,Fe(CN),.6H,0]  crystallizes  in  ob- 
lique rectangular  prisms  belonging  to  the  monoclinic  system. 
The  crystals  are  unaltered  in  the  air  at  ordinary  temperature, 
lose  eleven-twelfths  of  their  water  at  40°  C,  the  rest  of  the  water 
is  not  driven  off  until  the  salt  begins  to  decompose.  The  solu- 
bility varies  from  one  in  584  parts  cold  water  to  one  in  116  parts 
boiling  water.*  Dammer  gives  the  solubility  as  varying  from 
one  in  1000  parts  water  at  15®  to  one  in  100  at  75**. 

SOLUBILITY  OF  BARIUM  FERROCYANIDE. 

Some  solubility  determinations  were  made  on  the  salt  prepared 
as  above.  The  apparatus  used  was,  I  believe,  devised  by  Dr. 
Launcelet  Andrews.  The  apparatus  consists  of  two  Woulff  bot- 
tles, A  and  B,  A  has  three  necks.  The  middle  neck  contains 
a  perforated  stopper  holding  a  thermometer,  the  bulb  of  which 
goes  nearly  to  the  bottom  of  the  bottle.  The  left  hand  neck  has 
a  stopper  carrying  a  short  glass  tube  which  can  be  connected 
with  the  suction  pump.  The  right  hand  neck  has  a  stopperwith 
a  tube  passing  through  and  reaching  to  the  bottom  of  the  bottle; 
in  fact,  it  is  better  to  have  the  tube  touch  the  bottom.  This 
tube  is  connected  to  a  tube  passing  through  one  of  the  necks  of 
B,  the  other  neck  of  B  has  a  tube  passing  nearly  to  the  bottom 
of  the  bottle.  Water  is  put  in  the  two  Woulff  bottles,  and  in  A 
a  larger  amount  of  the  salt  to  be  tested  than  can  be  dissolved  by 
the  water.  The  whole  apparatus  is  then  put  in  a  vessel  of 
water,  and  air  drawn  through  for  several  hours.  The  water  in  B 
preventing  any  evaporation  from  A.     The  current  of  air  is  then 

1  Wurtx  Diet,  de  Chim^p.  1091. 
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Stopped  long  enough  to  allow  the  undissolved  portion  to  settle. 
A  measured  amount  of  the  clear  liquid  taken  out,  noting  the 
temperature,  evaporated  and  residue  weighed. 


Amount 

Tempera- 

Residue. 

Parts 

solution. 

ture. 

Scrams. 

water. 

I. 

5  CC. 

18°  C. 

0.0194 

257.7 

II. 

5  CC. 

18°  C. 

0.0198 

252.5 

III. 

30  CC. 

18°  C. 

O.I 190 

252.1 

Added  50  cc. 

IV. 

25  CC. 

17°  c. 

0.0936 

267.0 

Water  to  A, 

V 

25  CC. 

19°  C. 

0.0930 

268.8 

VI. 

25  CC. 

16^  C. 

0.0924 

270.5 

These  results  fall  within  the  limits  as  given  by  Wurtz. 

PRKPARATION   OF   CALCIUM   FERROCYANIDE. 

Twenty-three  grams  of  di-acid  dimethylaniline  ferrocyanide 
mixed  with  water  and  milk  of  lime  prepared  from  six  grams  pure 
lime.  The  mixture  shaken  violently  in  a  flask,  allowed  to 
stand  some  time,  filtered,  shaken  with  ether  to  separate  the 
dimethylaniline,  separated  from  ethereal  solution  with  separa- 
tory  funnel,  evaporated  down  in  flask,  carbon  dioxide  passed 
through,  again  boiled,  filtered,  and  evaporated  to  about  fifty  cc. 
Alcohol  then  added,  which  causes  crystals  to  separate.  Then 
crystals  dried  between  filter-paper.  The  crystals  are  of  a  pale 
yellow  color  and  are  very  soluble  in  water.  When  a  saturated 
solution  is  allowed  to  stand  for  a  long  time  at  the  temperature  of 
the  laboratory,  large  flat  crystals  are  deposited. 

NOTE  ON  THE   SEPARATION   OF   IRON   AND   ALUMINUM. 

Since  strychnine  ferrocyanide  is  almost  insoluble  and  is  easily 
filtered,  it  may  possibly  be  used  to  separate  iron  and  aluminum 
in  the  following  manner : 

The  solution  containing  ferric  and  aluminum  salts  is  treated 
with  excess  of  strychnine  ferrocyanide.  The  Prussian  blue  thus 
formed  can  be  filtered  with  ordinary  filter-paper  and  the  alumi- 
num precipitated  by  ammonia  from  the  filtrate.  By  this  method 
I  have  easily  gotten  perfectly  white  aluminum  oxide  ;  but  have 
not  as  yet  gotten  the  conditions  for  a  complete  quantitative  sepa- 
ration. 

I  wish  in  conclusion  to  express  my  thanks  to  Dr.  Launcelot 
Andrews,  who,  by  his  advice  and  assistance,  rendered  this  work 
possible. 

Chemical  Laboratory,  State  University  op  Iowa. 
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ACETIC  ACID  AND  BENZENE. 

By  C.  B.  Linbbarobr. 
Received  October  ax,  iSgs* 

DUCLAUX^  states  in  reference  to  mixtures  of  benzene  and 
acetic  acid  that  **  at  temperatures  from  i5®-2o''  these  two 
liquids  are  soluble  in  every  proportion  with  each  other.  If  a 
mixture  of  equal  volumes  of  the  two  substances  be  cooled  to 
about  11^,  the  mixture,  until  then  homogeneous,  becomes 
troubled  all  of  a  sudden  and  separates  into  two  nearly  equal 
layers  ;  0.2®  of  interval  of  temperature  at  most  separate  the  two 
states. '  *  Duclaux  then  proceeds  to  give  the  results  of  his  analy- 
ses of  the  two  layers,  as  well  as  other  results  and  discussions. 

This  account  has  been  universally  accepted,  and  it  has  passed 
into  standard  text-books  that  mixtures  of  benzene  and  acetic 
acid  present  at  certain  temperatures  the  phenomenon  of  layer- 
formation.  This  is  not,  however,  according  to  fact ;  mixtures 
of  very  pure  acetic  acid  and  benzene  do  not  separate  into  layers 
even  at  temperatures  as  low  as  20°.  Duclaux's  observations 
were  not  made  on  binary  mixtures  of  acetic  acid  and  benzene, 
but  upon  ternary  mixtures  of  water ^  acetic  acid,  and  benzene. 

A  certain  theoretic  importance  attaches  itself  to  this  question. 
In  the  course  of  an  investigation  of  the  vapor-tensions,  both 
partial  and  total,  published  a  few  months  ago  in  this  Journal, 
the  results  found  with  mixtures  of  benzene  and  acetic  acid  were 
such  as  to  preclude  the  possibility  of  layer-formation  in  this 
case.  Accordingly,  I  have  carried  out  some  experiments  on 
the  exposure  of  mixtures  of  acetic  acid,  benzene,  and  water  to 
varying  temperatures  to  ascertain  under  what  conditions  of  con- 
centration and  temperature,  layer-formation  takes  place. 

A  cylindrical  phial  pro\dded  with  a  good  cork  was  filled  about 
two- thirds  full  of  mixtures  of  acetic  acid*  and  benzene.'  The 
tube  was  enclosed  in  another  larger  tube,  so  as  to  prevent  any 
possible  contamination  of  the  contents  of  the  first  tube  with  the 
baths  or  freezing  mixtures.  Several  mixtures  of  different  con- 
centrations were  exposed  to  a  temperature  of  — 20**,  but  in  no 
case  did  there  occur  a  separation  into  layers. 

I  Ann.  chim.  phys.  [5],  7,  267, 1876. 

3  Purified  by  repeated  crystallization  until  melting-point  was  not  percept'bly 
changed  no  matter  what  the  relative  proportions  of  solid  and  liquid  acid  was. 

B  Purified  by  repeated  treatment  with  strong  sulphuric  acid,  repeated  crystalliM- 
tio  ns  and  distillation  over  sodium. 
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14.6225  grams  of  a  mixture  containing  7.6037  grams  of  acetic 
acid  and  7.0188  grams  of  benzene  were  placed  in  the  tube 
described  above  and  a  few  centigrams  of  water  were  added  suc- 
cessively, the  mixture  being  exposed  to  the  temperature  of  a 
mixture  of  ice  and  salt,  /.  ^.,  about  — 20**,  after  each  addition  of 
water.  Not  until  0.7226  gram  of  water  had  been  added  did 
there  occur  a  separation  into  layers,  which  persisted  even  at  o®, 
but  disappeared  a  few  degrees  above. 

Nowi  Duclaux  was  fully  aware  that  the  presence  of  water  ren- 
dered it  possible  to  cause  layer  formation  even  at  temperatures 
above  11**,  for  he  writes  :  **It  is  indeed  not  necessary  to  have 
recourse  to  cold  to  obtain  the  separation,  and  the  state  of 
unstable  equilibrium  in  which  these  liquids  are,  can  be  destroyed 
by  the  addition  of  a  third  substance,  as,  for  example,  water. 

**A  single  drop  of  water  suffices  to  cause  a  mixture  of  10  cubic 
centimeters  of  benzene  and  of  10  cubic  centimeters  of  acetic 
acid  to  become  troubled. 

** Acetic  acid  crystallizing  at  14**  always  gives  a  limpid  solution 
with  benzene.  If  it  crystallizes  only  at  12**  the  mixture  of  equal 
volumes  remains  troubled.  * ' 

Now,  acetic  acid  melting  at  14**  contains  not  inconsiderable 
qdantities  of  water,  so  that  the  behavior  just  described  by 
Duclaux  is  what  is  to  be  expected  under  the  circumstances.  If 
Duclaux  had  taken  the  trouble  to  raise  the  melting-point  of  his 
acid  by  a  few  fractional  crystallizations,  and  had  employed  this 
purified  acid,  there  would  have  been  one  less  error  and  its  recti- 
fication encumbering  the  pages  of  chemical  journals. 


SCHEHE   FOR  THE    IDENTIFICATION   OF   ACETANILIDE, 
PHENACETINE,  QUININE  SULPHATE,  ETC. 

By  F.  S.  Hyde. 
Received  October  ag,  1895. 

THE  test  made  by  boiling  the  substance  with  caustic  potash 
and  chloroform  is  one  of  the  most  important  in  the  scheme 
given  below.  It  is  known  as  the  **  carbylamine  reaction*'  or 
**  isonitrile  test,*'  and  is  common  to  those  compounds  which  are 
classed  bs  primary  amines  (R — NH,). 

R—  NIH^  +  a«^^    +  3KOH  = 

R— N  =  C  +  3KCI  +  3H.O. 
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Phenacetine, — Contrary  to  some  writers,  phenacetinem// give 
the  isonitrile  test,  and  hence  cannot  be  distinguished  from  acet- 
anilide  by  this  reaction.' 

Exalgine  does  not  respond  to  this  test  because  it  is  a  secondary 
amine ;  hence  a  distinction  from  acetanilide,  phenacetine,  and 
phenocoU. 

The  odor  of  raspberries  attributed  to  exalgine,  when  heated, 
is  somewhat  misleading.  It  is  certainly  aromatic,  but  may 
resemble  either  strawberries  or  mulberries. 

By  boiling  acetanilide  with  an  alkaline  solution  of  sodium 
h3rpobromite  (NaBrO)  or  with  alkaline  permanganate,  the  same 
odorpf  isonitrile  is  produced,  but  the  reaction  is  complicated  and 
not  perfectly  understood.  However,  it  is  assumed  that  the  ben- 
zene ring  constituting  the  nucleus  of  the  compound  is  partially 
broken  down  by  the  strong  oxidizing  action  of  the  hypobromite 
or  permanganate,  and  thus  furnishes  the  necessary  carbon  sub- 
stitution in  the  formation  of  isonitrile. 

In  making  the  carbylamine,  isonitrile,  or  **  isocyanide**  test,  as 
it  may  be  called,  it  is  preferable  to  have  the  solution  strongly 
alkaline  in  every  case  to  insure  a  more  complete  decomposition 
as  well  as  quicker  reaction  and  a  more  perceptible  odor. 
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ON  THE  PHYSICAL  AND  CHEMICAL  PROPERTIES  OF 

SOME  CALIFORNIA  OILS. 

By  Walter  C.  Blasdale. 

Received  September  13,  1895. 

THE  investigations  of  which  I  would  here  record  the  results 
were  undertaken  some  two  years  ago  with  three  definite 
objects  in  view  ;  first,  the  accurate  determination  of  the  limits 
of  some  of  the  standard  constants  of  California  olive  oils ;  second, 
a  practical  test  of  the  application  of  the  Babcock  method  of 
determining  adulterants  in  butter  to  a  similar  purpose  for  olive 
oil,  and  finally  a  determination  of  some  of  the  constants  of  three 
new  and  hitherto  undescribed  oils  of  vegetable  origin.  In 
carrying  out  this  work  I  have  followed  in  general  the  methods 
laid  down  by  Allen  for  the  examination  of  oils,  introducing  such 

ly.  Anal.  AppU  Chem,,  7, 354. 
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modifications  as  more  recent  investigations  have  shown  to  be 
advisable. 

The  oils  which  have  been  used  comprise  the  following  sam- 
ples: 

1.  Eleven  samples  of  pure  olive  oil  prepared  under  my  own 
supervision  from  six  standard  varieties  of  olives,  z^>.,Pendulina, 
Uvaria,  Rubra,  Redding  Picholine,  Nevadillo  bianco,  and  Man- 
zanillo,  according  to  the  usual  method  of  preparing  oil  for  the 
market  in  California.  The  essential  difference  between  the 
samples  marked  **  first'*  and  those  marked  "second"  is  that 
the  latter  include  oil  from  the  pits  as  well  as  from  the  pulp  of 
the  olives.  A  small  amount  of  warm  water  was  added  to  the 
pomace  before  pressing  in  the  latter  case.  These  oils,  as 
received  from  the  press,  were  washed  repeatedly  and  filtered 
until  clear. 

2.  Two  samples  of  mustard- seed  oil  of  California  manufacture. 

3.  One  sample  of  oil  from  the  kernel  of  the  English  walnut 
(Juglans  regia)  grown  in  the  southern  part  of  the  state.  This 
oil  was  prepared  by  extraction  with  petroleum  ether. 

4.  One  sample  of  oil  prepared  from  the  fruit  of  our  live-oak 
(Quercus  agrifolid)  by  extraction  with  petroleum  ether.  This 
yields  a  deep  brown  fluorescent  oil,  which  readily  solidifies  at  a 
temperature  of  10°  C,  and  on  long  standing  deposits  waxy 
masses. 

5.  Oil  prepared  from  the  pine-nuts  (probably  the  fruit  of  Pinu% 
monophylla)  found  in  our  markets.  This  is  a  brown  drying  oil 
of  a  rather  unpleasant  odor  and  taste. 

6.  Oil  prepared  by  Mr.  V.  K.  Chesnut,  from  the  fruit  of  the 
California  nutmeg  {Tumion  Calif omicum). 

7.  Ten  samples  of  the  salad  oils  commonly  sold  in  our  gro- 
ceries, comprising  the  following  brands : 

1.  **Pure  Olive  Oil,'*  J.  Revalk,  San  Francisco. 

2.  **Pure  California  Olive  Oil,  Alpha  Brand,**  Merriman 
Mfg.  Co. 

J.  **  California  Olive  Oil,**  Merriman  Mfg.  Co. 

4.  **  Sierra  Madra  Olive  Oil,**  Goldberg,  Liebenbaum,  and 
Bowen,  San  Francisco. 

5.  **  Cobum*sPure  Olive  Oil,**  C.  W.  Cobum,  San  Francisco. 
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6.  ''Extra  Quality  Oil,  HuileVierge,*'  A  Durand et  Fils,  Bor- 
deaux. 

7.  **  Fine  Salad  Oil,'*  Franco  American  Oil  Co. 
«?.  **Cooper*s  California  Olive  Oil.*' 

9.  **  Huile  D'Olive  Superfin,**  F.  Aristoy,  Bordeaux. 

10.  **  Huile  Vierge/*  De  Bossel  Fil's,  Marseilles. 

The  determinations  and  special  tests  to  which  these  were  sub- 
jected are  as  follows : 

Specific  Gravity, — This  was  in  all  cases  determined  by  an 
accurately  standardized  pycnometer  of  about  fifty  cc.  capacity. 

Index  of  Refraction, — Determined  by  an  Abbe  refractometer 
of  the  Zeiss  patern. 

Thermal  Degree, — By  this  I  mean  the  increment  of  tempera- 
ture resulting  from  mixing  fifteen  cc.  of  oil  with  five  cc.  of  con- 
centrated sulphuric  acid  in  a  calorimeter  with  constant  stirring, 
using  an  initial  temperature  of  at  least  20**  C.  This  method  of 
carrying  out  the  test  was  rendered  necessary  by  the  small  quan- 
tities of  many  of  the  samples  available;  as  the  test  is  of  no  value 
except  when  compared  with  known  oils  this  forms  no  serious 
objection  to  the  results  here  presented.  It  is  perhaps  unneces- 
sary to  state  that  the  same  sample  of  acid  was  used  in  all  the  tests. 

Viscosity  Test, — I  believe  Prof.  Rising  was  the  first  to  suggest 
the  possibility  of  using  the  factor  representing  the  viscosity  of 
the  soap  formed  from  a  standard  amount  of  oil  in  detecting  adul- 
terated olive  oil.  At  his  suggestion  Mr.  Babcock  made  the  test 
with  a  number  of  samples  of  commercial  oils,  the  results  of 
which  agreed  entirely  with  those  obtained  by  the  application  of 
standard  tests  to  the  same  series  of  oils.*  The  method  which 
I  have  used,  which  is  essentially  the  one  adopted  by  Mr.  Bab- 
cock, is  as  follows  :  Fifteen  grams  of  oil  are  placed  in  a  saponi- 
fication flask  with  about  thirty  cc.  of  water  containing  exactly 
seven  and  a  half  grams  of  potassium  hydroxide  and  ten  cc.  of 
alcohol  and  heated  on  a  water  bath  until  complete  saponification 
has  been  effected.  The  resulting  soap  is  washed  into  a  large 
evaporating  dish,  heated  until  the  alcohol  is  expelled,  diluted  to 
exactly  500  cc.  at  15**  C,  and  the  viscosity  of  the  resulting  solu- 

i  Methods  of  Detecting  Adulterations  in  Olive  Oil.  Report  of  Olive  Grower's  Con- 
t'ention,  held  in  San  Francisco,  July,  1891. 
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tion  determined  by  means  of  a  torsion  viscometer,  the  results 
being  calculated  in  terms  of  the  number  of  grams  of  sugar 
which  it  would  be  necessary  to  add  to  a  liter  of  water  in  order  to 
produce  a  solution  of  equal  viscosity.  In  t^e  case  of  the  two 
mustard-seed  oils,  it  was  found  necessary  to  dilute  the  solution 
to  one  liter  in  order  to  obtain  a  workable  solution.  My  more 
recent  experiences  would  induce  me  to  make  some  few  changes 
in  this  process,  the  most  important  of  which  would  be  a  change 
in  the  working  temperature  from  15**  to  20**  C. 

Saponification  Number, — By  this  I  mean  the  number  of  milli- 
grams of  caustic  potash  required  to  saponify  one  gram  of  oil. 
It  has  been  determined  by  the  standard  method,  operating  upon 
two  and  one-half  grams  of  oil. 

Iodine  Absorption, — For  this  determination  I  used  the  standard 
method  of  Hiibl,  basing  the  standard  of  the  hyposulphite  solu- 
tion on  pure  potassium  bichromate  according  to  the  method  of 
the  Association  of  Official  Agricultural  Chemists. 

Melting  Point  of  Fatty  Acid, — For  the  determination  of  this 
constant  I  found  it  most  satisfactory  to  prepare  thin  but  wide 
glass  tubes  on  the  side  of  which  a  drop  of  the  fatty  acid  is 
allowed  to  solidify.  ,  This  is  then  attached  to  the  bulb  of  a  ther- 
mometer, placed  in  a  water-bath  and  heated  until  a  temperature 
is  reached  at  which  the  fat  begins  to  run  down  the  side  of  the 
tube.  Even  when  the  greatest  care  is  used  considerable  varia- 
tions will  be  found  in  the  results  obtained  from  the  same  sample 
of  oil. 

Elaidin  Test, — In  this  I  have  followed  the  method  of  Poutet, 
the  one  based  on  the  use  of  a  freshly  prepared  solution  of  mercu- 
rous  nitrate.  The  time  required  for  the  production  of  a  good 
elaidin  varies  considerably,  and  I  have  indicated  this  factor  some- 
what roughly  in  the  accompanying  table. 

Milliau's  Test, — ^The  test  proposed  by  that  author  and  described 
in  this  Journal,  15,  153. 

An  inspection  of  the  accompanying  table  will  show  that  most 
of  the  constants  obtained  for  the  pure  olive-oils  agree  fairly  well 
with  those  obtained  for  European  oils.  The  iodine  absorption, 
however,  is  exceptional  since  many  of  the  results  here  reported 
are  higher  than  the  commonly  accepted  European  standards. 
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A  possible  explanation  may  be  found  in  the  fact  that  many  of 
the  varieties  here  represented  are  not  those  commonly  used  for 
the  production  of  oil.  Similar  results  have  been  obtained  by 
Mr.  G.  E.  Colby.'  In  the  application  of  the  elaidin  test  strik- 
ing differences  were  observed  both  in  the  character  of  the  elaidin 
and  in  the  length  of  time  necessary  for  its  production.  On  the 
one  extreme  are  oils  of  the  Manzanillo  type  which  produce  a 
perfectly  solid  mass  within  an  hour,  whereas  the  two  Uvaria  oils 
produced  only  a  partial  solidification  even  after  six  hours.  The 
facts  seem  to  indicate  that  the  test  is  not  as  reliable  as  has  been 
supposed. 

Prom  a  comparison  of  the  results  obtained  from  the  oils  of 
known  purity  with  those  obtained  from  the  commercial  oils  it 
will  at  once'be  seen  that  Nos.  i8,  23  and  24  are  heavily  adul- 
terated with  cottonseed-oil.  No.  20  shows  strong  evidences  of 
adulteration  though  the  percentage  is  not  as  high  as  in  the  other 
cases. 

I  think  it  is  also  shown  that  the  application  of  the  viscosity 
test  to  the  detection  of  adulterated  olive  oils  is  entirely  success- 
ful ;  the  variations  in  the  figures  obtained  from  the  different 
samples  of  pure  oil  are  considerable  but  not  so  great  as  to  admit 
of  confusion  with  any  of  the  adulterated  oils.  In  addition  to  the 
figures  presented  in  the  table,  I  have  obtained  the  following  re- 
sults :  For  cottonseed-oil  280,  for  sweet-almond  oil  645,  for  rape- 
seed  oil  670,  for  poppy-seed  oil  95,  for  sesame  oil  415,  for  lard  oil 
250,  and  for  peanut  oil  220,  an  array  of  figures  which  plainly  shows 
the  utility  of  this  test.  It  will  be  seen  that  the  only  oils  whose 
viscosity-constant  approaches  that  of  pure  olive  oil  are  almond, 
rape-seed  and  sesame.  Of  these  the  first  is  not  likely  to  be  used 
as  an  adulterant  and  the  two  latter  are  readily  detected  by  other 
tests.  The  only  oils  showing  a  materially  higher  viscosity  con- 
stant are  the  two  mustard-seed  oils,  and  it  must  be  admitted  that 
carefully  proportioned  mixtures  of  mustard  and  cottonseed-oils 
could  not  be  detected  by  this  test.  The  method  promises  to  be 
of  particular  value  in  detecting  lard  oil  for  which  we  have  had 
no  satisfactory  specific  test. 

Of  the  three  hitherto  undescribed  oils  No.  16  seem  to  agree  in 

1  Report  of  California  Agricultural  Experimental  Station,  1890. 


DETERMINATION  OF   PHOSPHORIC   ACID.  94 1 

most  of  its  properties  with  other  oils  prepared  from  related  plants, 
viz:  Pinus  sylvestris,  Pinus  ptcea,  and  Pinus  abies  in  so  far  as 
these  are  known,  and  could  probably  be  used  for  similar  pur- 
poses. 

No.  17  though  obtained  from  a  closely  allied  plant  is  an  oil  of 
quite  a  different  character,  but  the  data  at  present  available  is 
too  insufficient  to  admit  of  a  satisfactory  prediction  of  its  con- 
stituents. It  might  be  of  interest  to  note  here  that  J.J.  Rein, 
in  a  work  entitled  **  The  Industries  of  Japan,*'  mentions  the  fact 
that  an  oil  is  prepared  by  the  Japanese  from  the  fruit  of  Tumion 
nucifera  and  used  by  them  in  their  kitchens. 

In  conclusion  I  wish  to  express  my  thanks  to  Prof.  Rising  for 
suggestions  received  during  the  course  of  the  work  and  also  to 
the  officials  of  the  Experiment  Station  at  Berkeley,  through 
whose  kindness  I  was  enabled  to  obtain  the  samples  of  pure 
olive  oil. 

THE    DETERHINATION   OF    PHOSPHORIC   ACID  BY   THE 

MOLYBDATE-MAQNESIA  METHOD,   AND  BY 

VOLUriETRIC  METHOD.' 

By  B.  W.  Kilgorb. 
Received  September  30, 1895. 

IN  a  summary  statement  of  the  results  obtained  last  year  by  the 
members  of  the  Association  of  Official  Agricultural  Chemists 
and  other  chemists  cooperating  with  them  by  the  official  molyb- 
date  method  on  a  solution  of  C.  P.  disodium  hydrogen  phosphate, 
I  called  attention'  to  the  fact  that  the  results  of  nearly  all  of  the 
analysts  (twenty-eight)  were  high  and  some  of  them  very  mate- 
rially so.  The  larger  number  of  these  analysts  were  experienced 
in  this  class  of  work.  From  this  and  other  reasons  I  argued 
that  the  molybdate  method,  as  usually  worked,  has  a  tendency  to 
give  high  results,  and  that  these  high  results  are  due  to  an 
excess' of  magnesium  in  the  magnesium  ammonium  phosphate 
precipitate. 

For  the  investigation  of  phosphoric  acid  methods  for  this  asso- 
ciation for  1895,  two  chemically  pure  phosphate  solutions  and 
one  mixed  fertilizer  were  employed. 

1  For  description  of  this  method,  see  methods  of  the  Association  of  Official  Agricul- 
tural Chemists  for  1895. 
s  This  Journal,  16,  793. 
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No.  I  was  a  solution  of  the  same  phosphate  worked  upon  last 
year,  and  contained  ten  grams  chemically  pure  disodium  hydro* 
gen  phosphate  to  the  liter,  the  theoretical  percentage  of  phos- 
phorus pentoxide  in  this  salt  being  19.826. 

No.  2  was  No.  I  diluted  with  five  parts  of  water,  and  there- 
fore  contained  the  equivalent  of  3.304  per  cent,  phosphorus  pent- 
oxide  in  50  cc. 

Fifteen  chemists  reported  forty  determinations  on  solution  No. 
I,  the  highest  of  which  was  20.50  per  cent.,  and  the  lowest  19.75 
per  cent.,  the  former  being  0.674  per  cent,  above  the  theory,  and 
the  latter  0.076  per  cent,  below.  The  average  of  all  results  was 
20.044  per  cent.,  or  o.2i8percent.  above  the  theoretical  content ; 
the  variation  between  the  highest  and  lowest  results  was  0.75 
per  cent.  ;  the  variation  below  the  theory  was  0.076  per  cent., 
and  above  the  theory  0.674  per  cent.  Fourteen  per  cent,  of  the 
determinations  were  within  0.05  per  cent,  of  the  theory; 
thirty-three  per  cent,  within  one-tenth ;  and  fifty-six  per  cent, 
within  two-tenths.  On  the  whole  these  results  make  a  slightly 
better  showing  toward  accuracy  than  did  those  of  lastyearonthe 
same  phosphate,  but  like  the  results  of  last  year,  most  of  them 
are  high.  In  1894  there  were  two  results  below  the  theory, 
19.74  and  19.78  per  cent. ;  this  year  there  are  also  two,  19.75 
and  19.77,  the  lowest  of  the  former  being  0.08,  and  of  the  latter 
0.07  per  cent,  below  the  theory ;  while  the  highest  results  of  the 
two  years  were  0.84  and  0.76  per  cent,  above  the  theory. 

On  sample  No.  2,  containing  3.304  per  cent,  phosphorus  pent- 
oxide,  there  were  forty-two  determinations  reported,  the  highest 
of  which  was  3.65  per  cent.,  or  0.346  per  cent,  above  the  theory; 
and  the  lowest  was  3.20  per  cent.,  or  0.104  P^r  cent,  below  the 
theory.  The  average  of  all  results  was  3.43  per  cent.,  or  0.126 
percent,  high.  Out  of  forty-two  results  on  this  sample,  four 
were  below  the  theory.  These  variations  being  o.io,  0.02,  0.02,  ^ 
and  o.oi  per  cent. 

The  foregoing  adds  strength  to  the  remarks  made  on  this 
subject  last  year,  that  the  molybdate-magnesia  method  gives 
high  results  in  the  hands  of  nearly  all  workers,  and  may  give 
extremely  high  ones  in  the  hands  of  some. 

We  do  not  believe,  however,  that  there  is  any  well  established 
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method  of  sufficient  rapidity  that  suits  our  needs  better  or  with 
which  we  can  get  better  results,  when  proper  precautions  are 
taken,  than  the  molybdate  method. 

It  may  be  of  intefest  here  to  give  also  a  brief  summary  of  the 
results  on  these  same  phosphate  solutions  by  the  volumetric 
method  as  investigated  this  year.  The  results  were  obtained  by 
some  of  the  same  chemists  who  analyzed  these  samples  by  the 
gravimetric  method.  This  was  the  first  time  the  volumetric 
method  in  its  present  form  had  been  used  by  most  of  them. 

Thirteen  chemists  reported  thirty-one  determinations  on  solu- 
tion No.  I  and  thirty -three  on  No.  2  by  the  volumetric  method. 
Seventy-three  per  cent,  of  all  the  results  on  No.  i  were  within 
0.05  per  cent,  of  the  theory,  and  ninety-three  per  cent, 
were  within  one-tenth  per  cent.,  there  being  only  three  results 
varying  more  than  one-tenth.  On  sample  No.  2  eighty-five  per 
cent,  of  the  results  were  within  0.05  per 'cent,  of  the  theory, 
and  all  were  within  one-tenth. 

The  results  upon  which  the  foregoing  discussion  is  based 
will  appear  in  the  proceedings  of  the  A.  O.  A.  C.  in  the  **  Report 
on  Phosphoric  Acid,'*  made  by  the  writer  to ^ that  association  at 
its  recent  meeting. 

North  Carolina  Expbrimbnt  Station, 
Raleigh,  N.  C. 


THE  VOLUriETRIC  ESTiriATION  OF  MANQANE5E. 

By  Gborob  auchy. 

Received  October  sa,  1895. 

IN  this  Journal,  t7,  5,  Mr.  W.  H.  Thomas  describes  his  expe- 
rience with  lyow's  and  with  Volhard's  method  of  determin- 
ing manganese.  The  latter  he  finds  reasonably  accurate.  The 
former  not  at  all  so.  .  Some  ten  or  twelve  years  ago,  in  the  trans- 
actions of  the  American  Institute  of  Mining  Engineers,  Williams' 
method  in  steel,  which  is  based  on  the  same  principle  as  Low's 
method  in  ores,  was  the  subject  of  considerable  controversy; 
some  claiming,  others  disputing  its  accuracy.  And  although 
the  weight  of  the  testimony  seemed  to  be  in  favor  of  the  method, 
nevertheless,  the  close  of  the  discussion  left  the  matter  still 
somewhat  in  doubt. 

Are  methods  based  upon  this  principle  reliable  ?  Mr.  Thomas' 
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experience  with  Low's  method  is  further  evidence  to  the  con- 
trary. But  as  regards  Williams*  method,  perhaps  it  may  be 
said  that  Mr.  Thomas'  results  are  not  in  evidence,  inasmuch  as 
potassium  chlorate  and  strong  nitric  acid  are  stronger  oxidizing 
agents  than  bromine  water,  and  may  therefore  be  depended  upon 
to  oxidize  the  manganese  completely  to  manganese  dioxide, 
even  if  the  latter  cannot  be.  But  Mr.  Stone's  and  others  work 
is  against  this  assumption ;  also  the  following  results  obtained 
from  manganese  ores : 

WiUiams' 

method  Volhard's 

(practically)  method, 

per  cent.  per  cent. 

Ore  No.  I 51.71  53.04 

"  "     2 51-58  53.00 

*'  **    3 44.88  46.80 

'*  "    4 • 43.00  46.24 

**  **    5 41.22  42.64 

*'  **    6 34.39  40.00 

**  **    7 44.88  46.40 

"  *'    8 31.61  43.76 

Among  steel  works  chemists,  Williams'  method  is  very  popu- 
lar on  account  of  its  great  ease  and  simplicity.  Comparatively 
few,  perhaps,  use  Volhard's  method.  And  it  is  therefore  impor- 
tant that  the  reliability  of  the  former  method  be  more  fully  and 
definitely  established.  So  far,  the  evidence  in  its  favor  is  strong 
and  positive.  But  there  is  still  room  for  doubt.  More  work 
seems  to  be  required  to  fully  settle  the  question,  and  it  would-be 
well  for  chemists  who  use  this  method,  to  patiently  check  with 
Volhard's  method  for  a  considerable  time,  (using  different  lots 
of  chlorate)  and  communicate  their  results  and  opinions  to  the 
Society.  I  say  Volhard's  method,  because  the  gravimetric  is 
too  cumbersome  for  such  an  extended  use,  and  is  probably  more- 
over not  any  more  accurate — ^perhaps  not  so  much  so — as  Vol- 
hard's. 

My  own  experience  with  Williams'  method  leads  me  to  believe 
that  it  usually,  but  not  always,  gives  accurate  results.  And  I 
am  disposed  to  think  that  if  chemists  who  have  repeatedly 
obtained  good  results  with  that  method,  and  who  have  there- 
fore every  confidence  in  it,  would  nevertheless  keep  on  for  an 
extended  period  checking  their  results  by  Volhard's  method 
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they  would  sooner  or  later  be  treated  to  a  disagreeable  surprise 
such  as  illustrated  by  the  last  four  of  the  following  results  : 

WillUma'  Volhard's 

methods  method, 

per  centj.  per  cent. 

Heat 114  042  0.42 

Rolled  8teel 0.43  0.45 

Heat- 116  0.50  0.50 

**     120  0.40  0.41 

** 121  0.42  0.42 

Tire  steel 0.92  0.94 

Heat 125  0.48  0.54 

Tire 1.04  1.20 

Heat 162               0.37  and  0.42  0.45 

**     163  0.40  0.48 

With  heat  163  Williams'  method  was  given  up. 

With  regard  to  the  method  of  oxidizing  to  permanganate  by 
lead  oxid  and  titrating  with  arsenious  solution,  without  having 
giveti  the  method  actual  trial,  I  am  nevertheless  convinced  that 
it  gives  uniformly  low  results,  from  the  fact  that  while  it  was  in 
use  at  these  works,  135  and  140  pounds  of  ferromanganese  per 
charge  was  needed  to  bring  the  manganese  content  to  the 
required  point,  working  by  this  method,  while  now,  with  Vol- 
hard's method  in  use,  only  ninety  and  100  pounds  are  used  to 
bring  the  same  result.  But  the  lead  oxid  used  in  the  method  was 
the  tetroxide.  Probably  by  the  use  of  dioxide,  good  results 
may  be  obtained. 

For  the  benefit  of  chemists,  who  have  never  used  Volhard's 
method,  and  who  feel  disposed  to  give  it  a  trial,  for  the  purpose 
I  have  suggested,  I  beg  to  call  attention  to  certain  precautions 
which  are  essential  to  a  successful  practice  of  the  method. 

1.  In  boiling  off  the  nitric  acid  with  sulphuric  acid,  it  is  very 
essential  to  avoid  too  much  sulphuric  acid,  as  otherwise  the 
bumping  and  spattering  will  be  so  violent  as  to  altogether  spoil 
the  test. 

2.  The  dry  mass  should  be  taken  up  with  hot  water,  allowing 
the  dish  first  only  a  minute  or  two  for  cooling.  If  the  dish  be 
allowed  to  cool  completely,  and  cold  water  be  added,  and  then 
boiled  up,  very  frequently  a  red  ferric  sulphate  carrying  much 
manganese  will  remain  insoluble,  no  matter  how  much  addi- 
tional sulphuric  acid  be  added.     Even  this  precaution  is  value- 
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less,  however,  if  the  dry  mass  be  heated  too  long.  But  this  resi- 
due can  be  brought  into  solution  by  decanting  the  clear  solution 
and  then  heating  for  some  time  with  sulphuric  acid.  Butto  save 
time  its  separation  should  of  course  be  prevented  in  the  first 
place. 

3.  In  steels  high  in  manganese  it  is  advisable,  and  in  steels 
low  in  manganese  it  is  absolutely  essential  that  not  too  much 
zinc  oxide  be  used ;  as  it  will  separate  out  when  the  solution  is 
heated,  if  much  has  been  used,  and  will  retard  the  settling  of  the 
manganese  dioxide  if  the  steel  be  high  in  manganese,  and  will 
completely  prevent  it  if  the  steel  be  low  in  manganese,  (o.  18 — 0.24 
per  cent.)  and  thus  make  the  observation  of  the  end  of  the  titra- 
tion impossible.  Before  the  zinc  oxide  is  added, ^therefore,  the 
solution  should  be  in  as  small  a  bulk,  as  convenient  and  be  as 
nearly  neutralized  with  sodium  carbonate  as  possible. 

4.  When  titrating  with  permanganate,  the  reddish  color  caused 
by  the  permanganate  should  be  completely  changed  into  clear 
yellow  by  shaking  the  flask  before  more  permanganate  is  added, 
and  at  the  end  the  liquid  must  be  distinctly  and  permanently  rose 
colored — that  is,  it  must  retain  its  color  through  a  dozen  good 
shakings.  It  is  well,  toward  the  end,  to  add  the  permanganate 
four  drops  at  a  time  (when  two  drops  equal  one-tenth  cc.)  till 
the  distinct  rose-tint  is  reached,  and  then  deduct  one-tenth  cc. 
from  the  reading  of  the  scale. 

It  may  be  a  convenience  to  state  the  method  in  detail.  Take 
exactly  three  and  three-tenths  grams  in  a  six-inch  evaporating 
dish.  Cover  and  dissolve  on  the  hot  plate  in  forty  cc.  of  nitric 
acid  containing  a  little  more  than  half  of  strong  acid.  Add  eight 
cc.  (no  more)  strong  sulphuric  acid.  If,  however,  the  liquid 
becomes  cloudy  on  boiling,  the  violent  bumping  and  spattering 
before  referred  to  will  inevitably  occur  as  the  boiling  progresses 
further.  Add  then  at  once  some  strong  hydrochloric  acid,  and 
transfer  to  a  wire  gauze,  where  boil  down  rapidly  over  a  good 
strong  flame  till  the  mass  is  nearly  dry — a  little  pastiness  still 
remaining  here  and  there.  It  is  bestlo  remove  the  cover  when  the 
liquid  gets  pasty .  Allow  to  cool  a  minute  or  two.  Take  up  with 
hot  water  and  boil  a  few  minutes.  Cool  by  placing  in  a  larger  dish 
of  cold  water.    Pour  into  a  500  cc.  measuring  flask.    Nearly  neu- 
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tralize  with  sodium  carbonate.  Add  zinc  oxide  emulsion  until 
4sudden  stiffening  of  the  solution.  Dilute  to  the  mark.  Pour  in 
a  dry  beaker,  mix  with  rod,  and  pour  through  a  very  large  ribbed 
filter  into  a  250  cc.  measuring  flask.  When  the  liquid  has 
reached  the  mark,  withdraw,  and  transfer  to  a  500  cc.  Erlenmeyer 
flask.  Heat  to  boiling.  Add  nearly  the  full  amount  of  permanga- 
nate of  strength  exactly  0.0055,  if  the  percentage  of  manganese 
is  approximately  known.  If  not  add  only  one  and  a  half  cc.  perman- 
g^anate,  and  boil  until  the  manganese  dioxide  separates  in  flakes, 
and  the  liquid  becomes  yellow.  Finish  the  titration  shaking  after 
«ach  addition  of  permanganate  till  the  yellow  reappears.  The 
number  of  cc.  permanganate  divided  by  ten  will  give  the  per- 
centage of  manganese. 

Where  the  method  is  in  daily  use,  it  will  be  well  to  use  for 
neutralizing  before  adding  zinc  oxide  common  sal  soda  instead 
of  the  expensive  chemically  pure  carbonate.  But  this  will  add 
about  0.03  per  cent,  to  the  manganese,  and  must  be  determined 
and  deducted.  The  sal  soda  can*  be  procured  at  grocery  or  drug 
stores.  Two  pounds  in  two  liters  of  water  (and  filtered)  is  a 
convenient  solution. 

The  impurity  is  best  determined  by  doing  a  steel  with  pure 
sodium  carbonate,  then  with  the  sal  soda.  For  convenience,  the 
amount  of  the  soda  solution  required  to  nearly  neutralize  the 
manganese  solution  is  noted,  and  that  amount  is  then  at  once 
added  in  subsequent  determinations. 

AN    EARLY   AMERICAN   ARRANQEriENT    OF   THE    ELE- 

riENTS. 

By  F.  p.  Venable. 

Received  September  23,  1895. 

IN  going^ver  the  papers  published  during  the  period  immedi- 
ately following  the  announcement  of  the  Periodic  Law,  there 
is  one  which  possesses  especial  interest  for  an  American. 

It  is  the  **  Synoptical  Tables  of  the  Elements ''  by  Dr.  L.  R. 
Oibbes,  of  Charleston,  appearipg  in  the  publications  of  the 
Elliott  Society  in  1875.  This  table  had  been  prepared  some  two 
or-  three  years  previously  for  the  use  of  his  classes.  In  it  a  pro- 
fessor in  a  remote  and  small  American  college  worked  out  for 
liimself ,  evidently  in  ignorance  of  the  arrangements  of  Mende- 
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leefiF  and  Meyer,  some  of  the  most  important  principles  of  the 
Periodic  Law.  The  evidence  of  this  ignorance  is  presumptive ; 
first,  because  his  table  was  very  crude  and  certainly  would  not 
have  been  offered  to  his  classes  had  the  author  known  of  the 
much  superior  ones  which  had  already  appeared ;  secondly,  he 
carefully  mentions  all  authorities  known  to  him  and  upon  whom 

he  had  drawn  in  the  con- 
struction of  his  table.  His 
library  was  an  antebellum 
one  and  the  authorities 
were  old.  Still  he  fore- 
stalls two  or  three  late  au- 
thors in  his  methods  of 
graphic  representation  of 
the  law. 

His  table  was  designed 
to  exhibit : 

1.  The    groups    of   ele- 
ments. 

2.  The  atomic  weight  of 
each  element. 

3.  The  character  of  each, 
as  perissad  or  artiad. 

4.  Their  atomic  equiva- 
lence or  atomicity. 

5.  The  electro-chemical 
character. 

In  his  table  the  elements 
were  arranged  in  the  order 
of  their  atomic \^ights,  but 
with  a  good  many  gaps  un- 
filled, from  imperfect  knowledge.  He  remarks  upon  the  *  *contin- 
uity  or  regularity  in  the  series  of  numbers ' '  as  being  very 
striking. 

In  his  diagram  he  gives  upon  the  horizontal  axes,  right  and 
left,  from  the  centre,  the  positive  and  negative  electricities  -as 
abscissas.  The  atomic  weights  are  laid  off  as  ordinates  upon  the 
vertical  axes,  rising  from  a  zero  atomicity.     This  gives  the  ele- 
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ments  in  an  ascending  scale  of  atomic  weights,  though  they  are 
broken  up  into  three  series.  With  much  acute  reasoning  and 
insight.  Gibbes  shows  that  the  three  series  may  be  exhibited  in 
continuit}'  as  one,  that  is,  by  the  use  of  an  Archimedean  Spiral 
whose  radius  vector  increases  by  sixteen  units  in  one  revolution. 

This  is  the  arrangement  of  Lothar  Meyer  and  de  Chancourtois 
and  the  spiral  suggested  by  Mendeleeff.  His  diagram  will,  on 
investigation,  be  seen  to  be  based  on  the  same  principles  as  those 
of  Spring,  Reynolds  and  Crookes. 

The  author  goes  further  and  anticipates  some  of  the  geometri- 
cal work  of  Haughton.  He  obsei'ves  that  no  linear  equation 
can  be  constructed  to  give  more  than  rude  approximations  to 
the  atomic  weights,  and  that  to  construct  curves,  two  points  of 
inflection  or  contrary  curvature  must  be  given.  These  are  the 
serpentine  cubics  afterwards  worked  out  by  Haughton. 

He  cautions  against  laying  too  much  stress  upon  such  arith- 
metical and  geometric  exercises. 

It  seems  remarkable  that,  with  so  imperfect  a  table,  so  much 
of  the  later  work,  done  with  the  perfected  tables  given  by  the 
authors  of  the  Periodic  Law,  should  have  been  anticipated,! 
especially  when  we  notice  how  slight  was  Gibbes*  idea  of  periodic- 
ity. He  gives  in  his  table  seven  groups,  it  is  true,  four  nega- 
tive and  three  positive,  but  they  are  very  poorly  filled  out,  and 
he  shows  no  completed  period  of  seven  in  the  entire  table.  His 
observed  regularities  can  scarcely  refer  to  periodicity,  still  he 
makes  some  mention  of  what  Meyer  calls  double  periodicit)^ 
though  of  course  not  under  this  name. 

Dr.  Gibbes  was  a  professor  in  the  College  of  Charleston,  a  fine 
physicist  and  a  thoughtful  chemist.  These  *  *  Synoptical  Tables' ' 
which  he  built  up  upon  the  work  of  Dumas,  Gladstone,  Cooke, 
Odliug  and  Barker,  speak  highly  for  his  insight  and  power  of 
reasoning. 

t'NlVERSITY   OF   NORTH   CAROLINA,  Sept.  1895. 
1 0-27.-95 


ON  THE  ESTIMATION  OF  PHOSPHORIC   ACID  BY  TITRA- 
TION  OF  THE  AHMONIUM  PHOSPHOHOLYBDATE 
PRECIPITATE  WITH  STANDARD  ALKALI.* 

By  B.  W.  Kxloorb. 

Received  September  30. 1895. 

IN  November,  1894,  the  writer  published*  some  results  of  an 
investigation  of  the  method  on  this  principle  as  originally 
described'  by  Mr.  H.  Pemberton,  Jr.,  and  as  modified  by  the 
writer,  together  with  an  account  of  some  work  upon  molybdic 
solutions  and  temperatures  of  precipitation  best  suited  for  obtain- 
ing ammonium  phosphomolybdate  uncontaminated  with  molyb- 
dic acid. 

These  investigations  were  undertaken  in  part  by  the  writer  as 
reporter  of  the  Association  of  Official  Agricultural  Chemists  on 
methods  for  determining  phosphoric  acid  for  1893-94,  to  see  if 
the  volumetric  method  was  sufficiently  accurate  and  trustworthy, 
or  if  it  could  be  developed  into  a  sufficiently  reliable  method  to 
be  used  by  these  chemists  in  their  official  work. 

The  present  official  gravimetric  method  is  rather  long  and 
often  gives  quite  varying  results  in  the  hands  of  different  analysts 
and  not  always  the  most  concordant  ones  in  the  hands  of  the 
same  analyst.  These  two  objections  to  the  molybdate  method, 
together  with  the  immense  volume  of  phosphoric  acid  work 
which  has  to  be  done  in  connection  with  *  *  Fertilizer  Control 
Stations ' '  and  fertilizer  factories  makes  it  doubly  important  that 
a  quick  and  accurate  method  for  phosphoric  acid  estimation 
should,  if  possible,  be  found. 

The  volumetric  method  seemed  to  promise  well,  and  it  was 
accordingly  sent  out,  both  as  originally  described  by  Pemberton 
and  as  modified  by  the  writer,  to  various  official  and  other 
chemists  interested  in  phosphoric  acid  work  for  trial.  Three 
phosphate  samples  were  prepared  upon  which  to  conduct  the 
investigations. 

No.  I  was  a  mixture  of  cottonseed  meal  and  castor  pomace, 
containing  about  two  and  a  half  per  cent,  phosphorus  pentoxide. 

No.  2  was  an  acid  phosphate  containing  about  seventeen  per 
cent,  phosphorus  pentoxide. 

1  This  with  some  additional  matter  will  appear  in  a  bulletin  from  the  North  Carolioa 
Experiment  Station. 

2  This  Journal,  x6,  765. 
8  This  Journal,  15,  382. 
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No.  3  was  a  solution  of  chemically  pure  disodium  hydrogen 
phosphate  (Na,HP0^.i2H,0),  containing- 19.826  per  cent,  phos- 
phorus pentoxide. 

The  results  obtained  in  this  laboratory'  on  these  samples  by 
the  different  methods  and  presented  to  the  association  are  shown 
in  Table  I. 

These  results,  with  a  few  exceptions,  indicate  well  for  the  vol- 
umetric method,  especially  the  method  as  described  by  the  writer, 
there  being  only  one  result  (20.10  per  cent,  on  sample  3)  by 
this  method  without  the  reasonable  error  of  analysis.  The  larger 
percentage  of  the  results  however  on  samples  2  and  3  by  the 
method  as  carried  out  by  Pemberton  are  high. 

The  corresponding  results  on  these  samples  by  some  sixteen 
other  chemists  were  not  as  a  whole  nearly  so  encouraging  as 
those  presented  above,  which  was  likely  due  to  the  greater 
familiarity  with  the  volumetric  method  in  this  laboratory. 

Then,  too,  the  very  large  amount  of  wash  water  (amounting 
in  some  cases  to  more  than  a  liter)  found  necessary  by  a  great 
many  to  remove  free  acid  from  the  precipitate  made  the  washing 
tedious  and  gave  the  method  little  or  no  advantage  in  most 
hands  as  regards  time  over  the  gravimetric  method  and  no 
advantage  in  point  of  accuracy,  the  latter  being  especially  true 
when  it  is  made  known  that  now  and  then  unaccountably  high 
results  would  be  obtained  by  many  in  the  midst  of  good  ones. 
Notwithstanding  these  diflftculties,  most  of  the  chemists  who  had 
tried  the  volumetric  method  in  the  different  forms  *  in  which  it 
was  worked  up  to  this  time,  considered  their  results  on  a  whole 
as  encouraging,  but  not  such  as  to  give  them  any  considerable 
faith  in  the  method,  especially  for  high  percentages. 

At  this  point  the  writer  again  commenced  studying  further  the 
volumetric  method  in  its  various  phases  and  trying  numerous 
modifications  to  it. 

The  results  obtained  last  year*  by  the  writer*s  modification  of 
the  Pemberton  method,  consisting  of  a  different  molybdic  solu- 
tion and  temperature  of  precipitation,  were  much  more  uniform 
and  satisfactory  than  those  obtained  by  the  original  Pemberton 
method  on  the  same  samples. 

1  The  results  of  other  chemists  on  these  samples  will  be  found  in  Bui.  43,  Div.  Chem. 
U.  S.  Dept.  Agr.,  page  81. 

2  This  Journal,  x6,  767. 
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This  modified  method  gave  quite  as  good  results  in  the  writer's 
hands  as  did  the  official  method.  It  was  therefore  decided  to 
use  this  modified  procedure,  that  is,  precipitation  at  60**  C,  and 
with  the  official  molybdic  solution  as  the  starting-point  for  the 
investigation. 

Knowing  that  the  deposition  of  molybdic  acid  was  the  cause 
of  the  trouble  in  the  volumetric  method,  various  waj'^s  of  getting 
rid  of  it  were  tried.  One  attempt  was  to  dissolve  the  ammonium 
phosphomolybdate  in  the  least  possible  quantity  of  concentrated 
ammonia,  thus  changing  any  molybdic  acid  to  ammonium 
molybdate,  acidifying  with  nitric  acid,  evaporating  to  dryness 
and  heating  to  drive  off  all  nitric  acid.  This  was  not  practicable 
for  other  reasons  than  that  molybdic  acid  was  again  formed  from 
the  ammonium  molybdate  on  heating  to  a  temperature  that  would 
drive  off  nitric  acid.  Distillation  of  the  ammonia  from  the  **  yel- 
low precipitate'*  and  the  calculation  of  the* phosphoric  acid  from 
that  would  not  do  in  that  the  deposit  of  molybdic  acid  carries 
ammonium  molybdate  with  it.  Finally  it  was  determined  to  try 
to  find  wash  solutions,  which  would  dissolve  molybdic  acid, 
but  not  ammonium  phosphomolybdate. 

Using  a  chemically  pure  disodium  hydrogen  phosphate  con- 
taining 19.826  per  cent,  phosphorus  pentoxide,  the  following 
results  were  obtained  with  different  strengths  of  nitric  acid  for 
washing,  finishing  with  potassium  nitrate  solution  and  water  to 

remove  nitric  acid. 

Wash  Soi^utions. 
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The  washing  with  dilute  nitric  acid  and  three  per  cent,  potas- 
sium nitrate  solution  was  always  by  decantation,  using  fifty  cc. 
to  seventy- five  cc,  agitating  thoroughly  and  allowing  the  pre- 
cipitate to  settle  completely  each  time.  When  the  washing  was 
with  water  alone,  the  results  are  high,  while  washing  twice  by 
decantation  with  the  wash  containing  ten  cc.  1.42  sp.  gr.  nitric 
acid  in  100  cc.,  once  by  decantation  with  three  per  cent,  potas- 
sium nitrate  solution,  and  then  with  about  300  cc.  water  on  the 
filter,  the  results  are  close  to  theoretical  ones. 

Solubility  of  Molybdic  Acidin  Various  Wash  Solutions , — It  now 
seems  important  to  investigate  the  solubility  of  molybdic  acid  in 
various  solutions  which  might  be  used  for  washing.  The  results 
of  this  work  are  contained  in  the  table  below  and  the  solubility  is 
expressed  in  terms  of  the  number  of  cc.  of  the  standard  volu- 
metric alkali  neutralized  by  the  molybdic  acid  dissolved.  100  cc. 
of  this  alkali  equals  32.38  cc.  normal  alkali. 

Soi^uBiLiTY  OF  M0O3  IN  Various  Wash  Soi^utions. 
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'1  stood  eighteen  hours  and  then  filtered  turbed,  though  double  filter  was  used ;  re- 
sult too  high. 

2  Filtered  turbid ;  results  too  high. 

8  Used  as  in  washing  the  yellow  precipitate.  One  portion  of  loo  cc.  was  added,  stirred 
and  fallowed  to  stand  fifteen  minutes,  and  filtered  off ;  then  another  loo  cc.  portion  w^as 
added  and  titrated  in  the  same  way. 

4  stood  twenty-four  hours  before  a  clear  filtrate  could  be  obtained. 
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These  solubility  determinations  were  made  by  allowing  loo 
CO.  of  the  respective  solutions  to  stand  in  a  beaker  with  the 
molybdic  acid  for  the  time  indicated  in  the  table,  stirring  once 
or  twice  to  keep  the  molybdic  acid  in  contact  with  the  liquid, 
but  allowing  sufficient  time  before  filtration  for  most  of  it  to  set- 
tle to  the  bottom  of  the  beaker.  The  washes  were  then  filtered 
through  double  filters,  evaporated  to  dryness  (when  nitric  acid 
was  present) ,  heated  in  an  air-bath  until  nitric  acid  was  driven 
off,  and  titrated.  It  was  found  very  difficult  to  prevent  the 
molybdic  acid  from  passing  through  the  filter  when  water  was 
used  as  the  solvent.  It  would  remain  suspended  in  a  very  finely 
divided  stkte  in  water  for  twenty-four  hours  and  pass  through 
the  filter.  The  results  for  the  water  solubility  are  therefore 
generally  too  high.  This  is  also  true  to  a  less  extent  of  the 
solubility  in  two  and  a  half,  three,  and  five  per  cent,  potassium 
nitrate  solutions,  and  in  the  five  per  cent,  sodium  nitrate  solu- 
tion ;  and  to  a  still  less  extent  of  the  solubility  in  two  and  five 
cc.  nitric  acid  solutions. 

The  results  are  not  all  uniform  but  fairly  so  when  the  same 
molybdic  acid  was  used.  None  of  these  molybdic  acids  were 
pure. 

Numbers  i  and  2  contained  considerable  quantities  of  ammo- 
nium nitrate  and  ammonium  molybdate,  and  perhaps  some 
sodium  molybdate.  Numbers  3,  4,  and  5  were  washed  by 
decantation  for  a  day  or  more  with  large  quantities  of  dilute 
nitric  acid,  and  finally  once  or  twice  with  water,  and  contained, 
so  far  as  we  ascertained,  only  ammonium  molybdate  as  impurity. 
The  impurities  did  not,  we  think,  materially  affect  the  solubility  of 
these  acids  in  the  wash  solutions.  The  results,  at  any  rate,  are 
of  value  in  showing  the  comparative  solvent  action  of  the  differ- 
ent washes  for  molybdic  acid  under  conditions  similar  to  those 
in  which  they  are  used  in  the  method. 

They  show  that  water,  and  sodium  and  potassium  nitrate 
solutions  have  very  little  solvent  action  upon  molybdic  acid  ; 
while  that  of  the  stronger  nitric  acid  solutions  is  quite  consider- 
able. After  all,  these  results  may  represent  more  nearly  what 
we   want  than    they    would,  had   pure  molybdic    acid    been 
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used  ;  for  in  the  volumetric  method  it  is  not  a  solvent  for  molyb- 
dic  acid  alone  that  is  wanted,  but  for  a  mixture  of  molybdic  acid 
and  ammonium  molybdate  perhaps  in  quite  variable  quantities. 

Of  the  dilute  nitric  acid  washes,  the  one  containing  ten  cc, 
1.42  sp.  gr.,  nitric  acid  in  100  cc.  of  the  wash  was  adopted 
because  it  possesses  good  solvent  power  for  molybdic  acid  and 
is  of  practically  the  same  acidity  as  the  solution  in  which  the 
precipitation  of  ammonium  phosphomolybdate  is  made  in  the 
official  method.  The  official  molybdic  solution  contains  nearly 
fifteen  cc,  1.42  sp.gr.,  nitric  acid  in  fifty  cc. ;  and  a  solution 
requiring  fifty  cc.  of  molybdic  solution  to  precipitate  the  phos- 
phoric acid  in  it  usually  has  a  volume  near  100  cc. ;  the  two 
would  give  a  volume  of  150  cc,  containing  about  ten  cc.  nitric 
acid  in  the  100  cc. 

We  know  that  precipitation  is  complete  in  a  solution  of  this 
acidity,  and  no  solvent  action  takes  place  on  long  standing.  It 
therefore  seems  reasonable  to  conclude  that  nitric  acid  of  the 
same  strength  would  exert  little  or  no  solvent  action  on  the 
ammonium  phosphomolybdate  in  the  short  time  required  to 
wash  the  precipitate. 

SOLUBII^ITY  OP  AMMONIUM    PHOSPHOMOLYBDATE  IN   THE  FOJIE- 

GOING  WASH  SOLUTIONS. 

It  now  appeared  desirable  to  .  investigate  the  solubility  of 
ammonium  phosphomolybdate  in  these  same  wash  solutions. 
This  was  done  by  preparing  a  pure  phosphomolybdate  from 
sodium  phosphate  by  precipitating  with  a  deficient  quantity  of 
molybdic  solution,  pouring  off  the  filtrate,  washing  by  decanta- 
tion  with  dilute  nitric  acid,  and  finally  with  water  to  remove 
most  of  the  nitric  acid,  and  drying  to  constant  weight  at  130** 
to  150°  C.  This  phosphomolybdate  contained  3.789  per  cent, 
phosphorus  pentoxide,  the  theory  being  3.783,  showing  that  it 
was  practically  pure.  The  solubility  is  expressed  in  terms  of 
the  number  of  cc.  of  standard  volumetric  alkali  required  to  neu- 
tralize the  phosphomolybdate  dissolved.  One  cc.  of  this  alkali 
equals  one  milligram  phosphorus  pentoxide. 
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Solubility  op  Ammonium  Phosphomolybdate  in  Wash  Solutions. 
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o.75toi.4g^ams 
substance  stood 
in  500  cc.  of  the 
solution  for  the 
time  indicated, 
and  200  cc.  was 
taken  each  time 
for  the  test. 

Results  from  al- 
lowing   precipi- 
tates from  20  per    200     ^       •  •      none     •  •     none       •  •     none    none   none 
cent,  phosphate    200     i       ..      trace     ..     trace      ..     trace    trace  trace 
to  stand  in  these 
solutions. 

From  0.75  to  one  and  four-tenths  grams  of  the  prepared  phos- 
phomolybdate was  shaken  up  in  flasks  with  500  cc.  of  the  wash 
solutions.  Two  hundred  cc.  of  this  was  filtered  off  at  the  end  of 
twenty-four  hours  and  106  hours  respectively,  evaporated  to  dry- 
ness (when  nitric  acid  was  present) ,  the  nitric  acid  driven  off, 
and  the  residue  titrated.  The  phosphomolybdate  settled  in  only 
two  or  three  of  these  washes  in  less  time  than  twenty-four  hours, 
and  even  then  the  very  fine  particles  remained  suspended  in  the 
water  solutions,  and  it  was  found  impossible  to  get  clear  filtrates 
from  them.  The  results  for  water-solubility  are  therefore  too 
high.  For  the  reason  just  stated  the  solubility  of  ammonium 
•phosphomolybdate  in  the  washes  could  not  be  determined  for  the 
times  they  would  ordinarily  stand  in  contact  with  the  precipitate 
in  washing  by  the  use  of  the  pure  molybdate.  If,  however,  the 
solubility  of  even  this  pure  phosphomolybdate  was  proportional 
to  the  time  of  standing  in  the  washes,  the  amount  that  would 
have  been  dissolved  by  all  the  washes  (dilute  nitric  acid,  potas- 
sium nitrate,  and  water)  used  in  washing  a  precipitate  in  the 
ordinary  thirt}'  minutes  required  for  washing  could  hardly  have 
been  found.     I  calculated  that  on  this  basis  a  plus  correction  of 

1  These  filtered  very  turbid ;  they  had  not  settled  in  twenty-four  hours. 

2  These  stood  at  laboratory  temperature  (about  27**  C.)  after  first  twenty-four  hours. 
8  Filtered  turbid ;  results  too  high. 
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about  0.016  per  cent,  would  be  necessary  on  basis  of  two-tenths 
gram  substance. 

Thesolubility  of  the  **yellowprecipitate*'  just  as  it  is  precipitated 
in  ordinary  work  along  with  the  salts  carried  down  with  it  was 
also  determined  in  the  wash  solution  by  allowing  200  cc.  of  them 
to  stand  in  contact  with  the  precipitate  for  one-half  and  one  hour, 
respectively,  after  stirring  thoroughly.  The  precipitates  settled 
completely  and  quickly  in  this  way.  In  none  of  these  washes 
could  more  than  a  trace  of  phosphoric  acid  be  found.  Again  all 
the  washings  (3600  cc.)  from  six  determinations  of  phosphoric 
acid  in  two  phosphate  solutions  (a  3.30  per  cent,  and  a  19.83 
per  cent.)  were  combined,  evaporated  down  and  the  phos- 
phoric acid  in  them  determined  by  the  gravimetric  method, 
when  0.38  milligrams  phosphorus  pentoxide  was  found,  corres- 
ponding to  a  plus  correction  of  0.03  per  cent,  on  basis  of  two- 
tenths  gram  substance.  A  similar  result  was  obtained  from  the 
washings  from  eight  determinations  on  the  same  samples. 

These  results  indicate  that  while  the  wash  solutions  used  in 
the  volumetric  method  have  marked  solvent  power  for  molybdic 
acid,  they  have  practically  no  solvent  action  on  ammonium  phos- 
phomolybdate,  and  that  a  correction  for  ordinary  work  at  least 
is  not  necessary.  There  is  danger,  however,  of  mechanical  loss. 
The  precipitate  is  first  washed  by  decantation  with  dilute  nitric 
acid  and  potassium  nitrate,  and  afterwards  with  water  to  remove 
nitric  acid.  In  this  after  washing,  when  all  the  salts  have  been 
removed  from  the  precipitate  and  as  much  as  600  or  700  cc.  has 
been  used,  the  precipitate  begins  to  pass  through  the  filter 
mechanically  and  settle  to  the  bottom  of  the  receptacle.  We* 
have  not,  however,  found  it  necessary  to  wash  with  more  than 
300  cc.  of  water  in  our  present  manipulation  of  the  method.  We 
consider  that  500  or  600  cc.  of  water  may  be  used  without  this 
loss,  but  the  filtrate  should  be  closely  observed  when  the  wash- 
ing goes  beyond  this  amount. 

INVESTIGATION   6F   MOLYBDIC   SOI^UTIONS. 

Besides  the  comparison  of  the  aqueous  nlolybdate  of  Pember- 
ton  with  the  official  molybdic  solution  recorded  in  my  last  year's 
work,*  nine  other  molybdic  solutions  of  different  formulas,  in- 

1  This  Journal,  i6,  769. 
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eluding  five  or  six  of  those  most  highly  recommended  by  differ- 
ent analysts,  and  the  remainder  of  our  own  making,  have  been 
tried.  The  formulas  of  these  solutions  need  not  be  given.  They 
varied  quite  widely  in  the  proportions  of  molybdic  acid  to  free 
nitric  acid  and  ammonium  nitrate  as  well  as  in  degrees  of  con- 
centration. 

Without  going  into  a  detailed  discussion  of  the  results  and  the 
advantages  possessed  by  the  different  molybdic  solutions  for  dif- 
ferent purposes,  we  will  merel)'^  state  that  we  found  the  official 
molybdic  solution  of  the  following  formula  and  made  by  di$solv- 
ing  loo  grams  of  molybdic  acid  in  400  grams,  or  417  cc,  of  ammo- 
nia of  0.96  sp.  gr.,  and  pouring  this  into  i250cc.,or  1500  grams 
nitric  acid  of  1.20  sp.  gr.  to  be  the  one  best  suited  to  the  volu- 
metric method  for  very  small  quantities  of  phosphoric  acid,  one 
per  cent  or  less.  For  percentages  larger  fhan  one,  the  fore- 
going solution  with  the  addition  of  eighty  extra  cc.  of  1.42  sp. 
gr.  nitric  acid,  or  five  cc.  to  each  100  cc.  of  official  molybdic 
solution  was  found  to  be  the  best.  100  cc.  of  this  latter  solution 
contains  practically  six  grams  of  molybdic  acid,  four  and  six- 
tenths  grams  ammonium  nitrate,  and  thirty-five  cc.  free  nitric 
acid  of  1.42  sp.  gr.,  which  is  about  the  largest  quantity  of  free 
nitric  acid  in  proportion  to  molybdic  acid  that  can  be  used  in  a 
molybdic  solution  not  to  interfere  with  quick  and  ready  precipi- 
tation of  phosphoric  acid.  When  a  larger  proportion  of  free 
nitric  acid  is  in  the  solution,  precipitation  of  phosphoric  acid  is 
either  incomplete  or  is  very  materially  retarded.  This  modified 
official  molybdic  solution,  containing  the  large  amount  of  nitric 
acid,  can  be  readily  used  for  all  percentages  of  phosphoric  acid, 
but  it  contains  rather  too  much  free  nitric  acid  to  allow  of  the 
quickest  precipitation  of  very  small  quantities,  but  by  extending 
the  time  of  precipitation  to  eight  to  ten  minutes  it  will  be  found 
to  be  complete  even  when  very  small  amounts  are  present.  The 
judgment  and  manipulation  of  the  analyst  will,  however,  be  the 
best  guide  as  to  whether  he  will  employ  the  solution  containing 
the  larger  amount  of  nitric  acid  for  all  percentages,  or  whether 
he  will  only  use  it  for  those  above  one  or  so,  and  use  the  regular 
official  solution  for  less  amounts. 
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EFFECT    OF     ORGANIC   ACIDS   IN    PREVENTING    DEPOSI'TION    OF 

MOLYBDIC   ACID. 

Jiiptner*  has  successfully  used  two-tenths  to  six  grains  of  tar- 
taric acid  per  100  cc.  of  molybdic  solution  for  preventing  the 
deposition  of  molybdic  acid  in  the  determination  of  phosphorus 
in  steel.  One  to  four  grams  of  citric  acid  to  100  cc.  of  the  two 
foregoing  molybdic  solutions  were  employed  in  the  hope  of 
accomplishing  the  same  object.  When  three  and  four  grams  of 
citric  acid  were  used  precipitation  was  not  complete  in  fifteen  or 
twenty  minutes,  and  with  smaller  quantities  (one,  one  and  five- 
tenths,  and  two  grams)  precipitation  was  complete  in  a  reasona- 
ble length  of  time  (seven  to  fifteen  minutes),  but  the  results  at 
best  showed  no  advantage  over  those  obtained  on  the  same  sam- 
ples with  molybdic  solutions  without  the  presence  of*  citric  acid. 

ACIDITY   OF    AMMONIUM    PHOSPHOMOLYBDATE. 

Hundeshagen'  has  stated  that  it  required  twenty-three  mole- 
cules of  Na^COg  (or  of  Na^O)  to  neutralize  the  ammonium  phos- 
phomolybdate  containing  one  molecule  of  phosphorus  pentoxide. 

H.  Pemberton,  Jr.,'  working  upon  a  solution  of  chemically 
pure  disodium  hydrogen  phosphate,  found  that  23.2  molecules 
of  sodium  carbonate  were  necessary  to  neutralize  the  ammonium 
phosphomolybdate  containing  one  phosphorus  pentoxide  mole- 
cule ;  a  second  determination,^  however,  working  in  the  same 
way,  gave  him  22.99  molecules. 

In  the  course  of  my  work  upon  the  volumetric  method,  I  have 
determined  the  acidit}''  of  ammonium  phosphomolybdate  in  two 
ways.  First,  by  finding  the  amount  of  alkali  necessary  to  neu- 
tralize the  ammonium  phosphomolybdate  formed  from  a  given 
amount  of  phosphate.  This  was  done  by  dissolving  ten  grams 
of  chemically  pure  disodium  hydrogen  phosphate  in  a  liter  of 
water,  carefully  measuring  out  twenty  cc.  portions,  precipitat- 
ing with  molybdic  solution,  washing  thoroughly  according  to 
our  practice  in  the  volumetric  method,  and  titrating  with  alkali. 

The  results  obtained  are  as  follows  : 

1  Abs.  Kxpt.  Sta.  Record,  6,  6io. 

2  Ztschr.  anal.  Chem.,  a8,  141-172. 
8  This  Journal,  15.  382. 

*  Ibid,  x6,  278. 
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Cc.  of  phos- 
phate solution 
used. 

Equaling 

grams 

Na,HP04.i2H,0. 

Equaling 
grams 
PaO,. 

Cc.  KOH.80IU- 
tion  required 
to  neutralize  phos- 
phomolybdate  formed. 

I 

20 

0.200CX> 

0.039652 

'  39.80 

2 

20 

0.20000 

0-039652 

39.80 

3 

20 

0.20000 

0.039652 

39.80 

Dividing  the  weight  of  phosphorus  pentoxide  by  the  number 
of  cc.  alkali  required  to  neutralize  the  phosphomolybdate  formed, 
we  find  that  loo  cc.  alkali  has  neutralized  an  amount  of  ammo- 
nium phosphomolybdate  containing  99.628  milligrams  phos- 
phorus pentoxide. 

The  alkali  was  now  titrated  against  semincjrmal  hydrochloric 
acid,  carefully  standardized  by  silver  nitrate  to  contain  18.2285 
grams  hydrochloric  acid  per  liter.  100  cc.  of  the  alkali  equaled 
64.5  cc.  of  the  semi-normal  acid,  which  contained  1x75.74  milli- 
grams hydrochloric  acid,  which  in  turn  equals  15 19.3  milligrams 
potash,  or  2228.6  milligrams  potassium  carbonate.  Therefore, 
15 19.3  milligrams  potash  equals  99.628  milligrams  phosphorus 
pentoxide  in  the  yellow  precipitate.  Dividing  each  of  these  by 
its  molecular  weight,  we  obtain 

99.628 
for  phosphorus  pentoxide  r— =  0.70x3. 

4  *       t,  1519-3 

for  potash  — ^^—  16.125. 

Then,  P,Oj :  K,0  =  0.7013  :  16.125  =  ^  •  22.993. 

The  relation  between  standard  alkali  and  phosphorus  pent- 
oxide in  the  '  *  j^ellow  precipitate  ' '  was  now  determined  by  pre- 
paring pure  phosphomolybdates  by  precipitating  sodium  phos- 
phate with  a  deficient  quantity  of  molybdic  solution,  pouring  off 
the  filtrate,  washing  by  decantation,  first  with  dilute  nitric  acid 
and  then  with  water,  and  drying  at  130°  to  150°  C.  to  constant 
weight.  These  phosphomolybdates  contained  2.232  per  cent, 
nitrogen  (average  of  seven  analyses),  the  theory  being  2.238  ; 
and  X. 645  per  cent,  phosphorus,  the  theor}-  being  x.651.  The 
following  results  were  obtained  by  titrating  a  portion  of  three  of 
these  : 

Grams  ammonium  phos-  Cc.  standard  alkali  re- 

phomolybdate  used.  quired  to  neutralize. 

1  1.2322  46.55 

2  0.8050  30.45 

3  0.7955  30.10 


Total     2.8327  107.10 
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Onehundred  cc.of  alkali  has,tlierefore, neutralized  2.6449  grams 
of  ammonium pliosphomolybdate,whichmultipliedby3. 783,  (the 
per  cent,  of  phosphorus  pentoxide  in  the  *' yellow  precipitate  ") 
gives  100.05  milligrams  phosphorus  pentoxide  in  2.6449  grams 
of  this  salt,  and  which  corresponds  to  100  cc.  of  the  alkali  used. 

One  hundred  cc.of  this  alkali  was  found  as  before  to  equal  64.74 
cc.  semi-normal  hydrochloric  acid,  which  contains  1 180. 14  milli- 
grams hydrochloric  acid,  and  which  in  turn  equals  2 23 7. 08 milli- 
grams of  potassium  carbonate.  Therefore  2237.08  milligrams 
potassium  carbonate  equals  the  100.05  milligrams  of  phpsphorus 
pentoxide  contained  in  the  2.6^49  grams  of  **ycUow  precipitate.** 

Dividing  by  molecular  weights,  there  is  found 

for  phosphorus  pentoxide  '—^  =  0.7042. 

142.06 

for  potassium  carbonate  — 5Z: — =  16.185. 

138.22 

Therefore,  P,0, :  K,CO,  =  0.7042  :  16.185  =  i  •  22.983. 

It  has,  therefore,  required  practically  twenty-three  molecules 
of  potassium  carbonate  (or  of  potash)  to  neutralize  an  amount 
of  ammonium  phosphomolybdate  (6NH^.Pa08.24MoO,)  contain- 
ing one  molecule  of  phosphorus  pentoxide.  On  this  basis,  one 
cc.  of  a  standard  alkali  containing  18.17106  grams  of  potassium 
hydroxide  to  the  liter  would  equal  one  milligram  phosphorus 
pentoxide.  100  cc.  of  this  solution  will  neutralize  32.38  cc.  of 
normal  acid ;  and  either  the  acid  or  alkali  to  be  used  in  the  vol- 
umetric method  can  be  made  by  diluting  323.8  cc.  of  correspond- 
ing normal  solution  to  one  liter. 

The  above  calculations  are  based  upon  the  following  atomic 

weights : 

Sodium 23.05        Oxygen 16.  Chlorine 35-45 

Hydrogen  >••  1.007      Potassium  ..* 39. 11        Molybdenum  96. 
Phosphorus..  3 1. 03        Carbon 12.  Nitrogen    ....14.03 

RESUI.TS  BY  VOI<UMETRIC   METHOD   AS   NOW  WORKED   IN    THIS 
LABORATORY   COMPARED   WITH   GRAVIMETRIC   RESUI.TS. 

The  writer  was  again  reporter  of  the  Association  of  Official 
Agricultural  Chemists  on  methods  for  determining  phosphoric 
acid  for  1894-95,  and  the  foregoing  investigation  was  made  with 
a  view  of  setting  the  method  in  better  shape  for  trial  by  this 
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association  and  for  perfecting  it,  if  possible,  for  use  in  this  labor- 
atory. The  method  was  accordingly  changed  quite  materially, 
redescribed  to  accord  with  results  of  the  preceding  work,  and 
sent  out  to  various  official  and  other  chemists  for  trial  with  three 
samples  upon  which  to  conduct  the  work.     These  samples  were  : 

No.  I  was  a  chemically  pure  disodium  hydrogen  phosphate 
solution  containing  ten  grams  of  the  salt  per  liter,  the  theoretical 
percentage  of  phosphorut-pentoxide  in  it  being  19.826. 

No.  2  was  solution  No.  i  diluted  with  five  parts  of  water,  and 
therefore  contained  the  equivalent  of  3.304  per  cent,  phospho- 
rus pentoxide  in  fifty  cc. 

No.  3  was  a  mixed  fertilizer. 

The  results  obtained  in  this  laboratory  on  these  samples  by 
gravimetric  and  volumetric  methods  and  presented  to  the  associ- 
ation are  brought  together  in  Table  II. 

These  results  are  what,  I  deem,  may  be  termed  most  excellent. 

It  may  not  be  out  of  place  here  to  state  also  that  the  results 
of  nine  other  chemists  on  these  same  samples,  including  thirty- 
one  determinations  on  No.  i  and  thirty-three  on  No.  2,  exclud- 
ing three  results,  are  as  good  as  those  in  the  table.  Seventy- 
three  per  cent,  of  all  the  results  of  thirteen  chemists  on  sample 
No.  I  are  within  0.05  per  cent,  of  the  theory,  and  ninety-three 
per  cent,  within  one-tenth  per  cent.,  there  being  only  three 
results  varying  more  than  one- tenth.  On  sample  No.  2  eighty- 
five  per  cent,  of  all  results  are  within  0.05  per  cent,  of  the  theory 
and  all  are  within  one-t.enth. 

This  summary  of  results  of  members  of  the  Association  of 
Official  Agricultural  Chemists  by  the  volumetric  method  are  in 
rather  marked  contrast  to  the  results  of  this  and  all  previous 
years  by  the  official  gravimetric  method,  and  also  to  the  results 
by  the  volumetric  method  as  worked  last  year.  The  results  last 
year  by  the  volumetric  method  were  considered  on  the  whole  as 
encouraging,  while  the  method  as  worked  this  year  has  given 
extremely  good  results  in  all  hands. 

The  volumetric  and  gravimetric  methods  have  been  compared 
in  this  laboratory  upon  quite  a  variety  of  phosphates  and  fer- 
tilizer materials  of  varying  percentages.  The  results  follow  in 
table  III. 
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These  volumetric  results  show  close  agreement  with  the  gravi- 
metric ones,  though  they  are  generally  slightly  lower  than  the 
latter.  When  we  observe  the  close  agreement  of  duplicate 
results  by  the  volumetric  method  and  remember  the  tendency  of 
the  molybdate  method  to  give  high  results,  we  have  ground  for 
believing  that  the  volumetric  results  are  more  nearly  correct. 

RESUWS  ON  A  HIGH  GRADB  PHOSPHATE.  " 

To  see  how  the  volumetric  method  would  work  on  a  very  high 
percentage  phosphate  and  to  see  how  the  results  by  the  two 
methods  would  compare  on  it,  a  high  grade  Florida  phosphate 
was  submitted  to  analysis,  with  the  following  results  :. 

C.  B.  Williams,  B.  W.  Kilgrore, 

analyst.  analyst, 

per  cent.  per  cent. 

Gravimetric  method 38.12 

Volumetric  method ^^-^o  37-|o 

37.84  37-88 

Less  by  volumetric  method r  •  •  •     0-30 

The  foregoing  results  by  the  volumetric  method,  our  work 
upon  it,  and  experience  with  it  generally  lead  us  to  consider  it  a 
more  accurate  and  reliable  method  than  the  molybdate-magnesia 
method.  Since  the  change  of  temperature  of  precipitation,  pre- 
cipitating reagent,  wash  solutions,  and  manner  of  washing  from 
what  they  were  in  the  Pemberton  method,  the  difficulty  of  get- 
ting occasionally  very  high  results  in  the  midst  of  good  ones, 
and  which  did  so  much  to  destroy  faith  in  the  method,  seems 
not  to  occur  under  the  new  method  of  procedure.  The  accuracy, 
reliability  and  rapidity  of  the  method,  a  man  being  able  to  make, 
we  think,  twice  as  many  determinations  by  it  as  by  the  gravi- 
metric method,  causes  us  to  feel  that  the  large  amount  of  time 
which  we  have  put  upon  the  method  has  been  well  spent  and 
will  soon  repay  us  in  the  saving  of  time  on  this  class  of  work  in 
our  own  laboratory,  to  say  nothing  of  the  service  it  may  be  to 
others  having,  as  we  do,  large  amounts  of  phosphoric  acid  work 
to  do. 

I  am  indebted  to  Messrs.  C.  B.  Williams  and  W.  M.  Allen  for 
assistance  in  carrying  out  the  foregoing  work. 

The  method,  as  we  have  found  it  to  give  the  best  results,  may 
be  described  as  follows : 
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Weigh  two  grams  of  substance  and  make  solution  by  one  of 
the  following  methods :  (i)  Evaporate  with  five  cc.  of  magne- 
sium nitrate  solution,  ignite,  and  dissolve  in  hydrochloric  acid. 
This  is  for  organic  materials.  (2)  Dissolve  in  thirty  cc.  concen- 
trated nitric  acid  with  a  small  quantity  of  hydrochloric  acid. 
(3)  Add  thirty  cc.  concentrated  hydrochloric  acid,  heat,  and  add 
cautiously  in  small  quantities  at  a  time  about  five-tenths  gram  of 
finely  pulverized  potassium  chlorate.  These  (2. and  3)  are  for 
ordinary  phosphates  and  fertilizers.  (4)  Dissolve  in  fifteen  to 
thirty  cc.  of  strong  hydrochloric  acid  and  five  to  ten  cc.  of  nitric. 
This  is  for  phosphates  containing  much  iron  and  aluminum. 
Method  2  is  preferred  when  these  acids  are  a  suitable  solvent  for 
the- material.  Make  up  to  200  cc.  (or  any  other  convenient  vol- 
ume), measure  out  twenty  cc.  for  totals,  or  for  percentages  above 
five  or  six ;  and  forty  cc.  for  insolubles,  or  for  percentages  below 
five  or  six,  corresponding  to  two-tenths  and  four-tenths  gram 
substance  respectively,  add  about  five  cc.  concentrated  nitric 
acid,  when  method  2  for  solution  has  been  used  and  about  ten 
cc.  when  method  i,  3,  or  4  has  been  used.  Now  add  ammonia 
until  precipitate  just  begins  to  form,  dilute  high  percentage  solu- 
tions to  about  100  cc,  and  low  percentage  ones  to  from  sixty  to 
seventy -five  cc,  digest  in  water-bath  at  60®  to  65®  C,  and  after 
filtering  the  molybdic  solution  to  be  used  in  this  method,  pre- 
cipitate, not  using  any  greater  excess  of  molybdic  solution  than 
is  necessary  to  insure  complete  precipitation ;  let  stand  in  bath 
six  minutes  from  the  time  the  molybdate  is  added,  and  filter  as 
quickly  as  possible  upon  a  three-inch  Hirsch  funnel,  whose  per- 
forations are  covered  with  a  disk  of  soft  filter-paper,  or  inaGooch 
crucible  with  one  or  two  pieces  of  filter-paper  slightly  larger 
than  the  bottom  of  the  crucible,  tightly  pressed  against  the  bot- 
tom of  the  crucible,  or  upon  a  filter  made  by  putting  a  platinum 
cone  or  disk,  well  filled  with  holes,  into  a  three-inch  funnel  and 
covering  with  coarse  asbestos,  using  the  pump  in  all  cases.  Fil- 
ter-paper may  be  used,  but  the  other  filters  in  the  order  named 
are  much  to  be  preferred. 

It  is  especially  urged  that  the  three-inch  Hirsch  funnel  be  used 
where  possible,  as  it  permits  of  rapid  filtration  and  easy  and 
thorough  washing.     Wash  the  precipitate  twice  by  decantation 
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with  dilute  nitric  acid,  using  fifty  to  seventy-five  cc.  each  time 
and  agitating  thoroughly,  once  by  decantation  with  the  same 
amount  of  three  per  cent,  potassium  or  ammonium  nitrate  solu- 
tion, then  on  the  filter  and  with  200  to  500  cc.  water,  (250  cc. 
is  usually  enough)  or  until  no  longer  acid.  Now  wash  the  pre- 
cipitate with  filter  back  into  th^  beaker,  titrate  with  potassium 
hydroxide,  and  back  with  nitric  acid,  using  phenolphthalein  as 
indicator  and  adding  acid  until  color  disappears. 

In  washing  by  decantation,  if  the  precipitate  is-  allowed  to 
settle  completely  each  time,  no  trouble  will  be  experienced  in 
the  after  washing. 

Where  the  phosphoric  acid  is  below  one  per  cent.,  the  precipi- 
tation is  not  so  rapid  as  in  larger  percentages  and  may  require 
eight  or  even  ten  minutes  to  be  complete. 

REAGENTS  TO   BE   USED   IN  THE  VOI^UMETRIC   METHOD. 

Molyhdic  Solution, — Dissolve  100  grams  of  molybdic  acid  in 
400  grams,  or  417  cc.  of  ammonia,  sp.  gr.  0.96,  and  pour  the 
solution  thus  obtained  into  1500  grams,  or  1250CC.  of  nitric  acid, 
sp.  gr.  1.20,  and  add  eighty  cc.  nitric  acid,  sp.  gr.  1.42.  Or  to 
each  100  cc.  of  the  official  molybdic  solution  (the  above  formula 
without  the  eighty  cc.  nitric  acid),  add  five  cc.  1.42  sp.  gr, nitric 
acid.     This  solution  should  be  filtered  each  time  before  using. 

DUute  Nitric  Acid  Wash, — Dilute  100  cc.  1.42  sp.  gr.  nitric 
acid  to  one  liter. 

Potassium  or  Ammonium  Nitrate  Wash, — Dissolve  three  grams 
of  either  in  100  cc.  of  water. 

Alcoholic  Solution  of  Phenolphthalien, — 100  cc.  to  one  gram. 

Standard  Potassium  Hydroxide, — This  solution  should  contain 
18. 1 7 106  grams  potassium  hydroxide  to  the  liter.  One  cc.of  this 
solution  equals  one  milligram  phosphorus  pentoxide  (one  per 
cent,  phosphorus  pentoxide  on  basis  of  one-tenth  gram  substance) 
100  cc.  of  it  will  neutralize  32.38  cc.  normal  acid,  and  can  be  made 
by  diluting  323.81  cc.  of  normal  potassium  hydroxide,  which  has 
been  freed  from  carbonates  by  barium  hydroxide  to  one,  liter. 

Standard  Nitric  Acid  of  «same,  or  one-half,  the  strength  of 
alkali.     Hydrochloric  or  sulphuric  acid  will  do. 

North  Carolina  Experimrnt  Station, 
Ralbioh,  N.  C. 


THE  RELATIONSHIP  OF  THE  HEAT  OF   VAPORIZATION 
OF  CASES  TO  THEIR  DENSITY  AND  ALSO  TO  * 

THEIR  BOILINQ-POINT. 

By  WM.    1,.  DUOLBT. 
Received  September  wj,  1895. 

IN  studying  the  heat  of  vaporization  or  latent  heat  of  various 
gases  it  soon  became  apparent  that  this  constant  bore  an 
interesting  relationship  to  their  density  and  boiling-point.  To 
trace  out^this  relationship  I  have  endeavored  to  obtain  the  latest 
and  best  latent  heat  determinations,  as  well  as  the  specific 
gravity  of  the  liquids  at  the  boiling-point.  Accurate  data  of 
this  kind  are  scarce,  and  there  are  few  homologous  series  in 
which  these  constants  have  been  determined  for  many  members. 
However,  I  have  obtained  a  sufficient  number  of  trustworthy 
determinations  to  show  some  results,  which  seem  to  be  worth 
recording. 

The  amount  of  heat  absorbed  by  one  cc.  of  vapor  (reduced  to 
0°  and  760  mm.  pressure)  in  the  passage  of  the  liquid  to  the 
gaseous  state,  is  taken  as  the  standard  for  comparison.  This 
constant  is  found  by  the  formula 

.  _  NX  w 
IV 

where  L  =  the  heat  of  vaporization  in  one  cc.  of  vapor, 

IV=  the  weight  of  one  cc.  of  the  liquid  at  its  boiling- 
point, 
1/=^  the  heat  of  vaporization, 
and  zv=  the  weight  of  one  cc.  of  the  vapor  at  o°  and  760  mm. 
pressure. 
Until  the  latent  heat  researches  made  by  R.  Schiff*  these  con- 
stants were  determined  without  any  special  reference  to  the 
relationship  of  the  compounds  to  one  another,  and,  therefore, 
not  many  series  can  be  found  complete  enough  to  make  a  com- 
parison. I  believe,  however,  that  I  have  gathered  the  data  quite 
completely  and  I  give  in  this  paper  all  the  series  in  which  the 
data  are  complete  for  as  many  as  three  members. 
In  the  following  tables  the  columns  marked 

1  Ann.  Chem.  (Uebiff),  234,  338.  '^^' 
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D  =  the  vapor  density, 

B.  P.  =  Boiling-point  in  absolute  temperature, 
S.  G.  =  Specific  gravity  at  the  boiling-point, 
H.  V.  =  Heat  of  vaporization  in  calories, 
V  =  Volume  of  vapor,  in  cubic  centimeters  (reduced  to  o** 
and   760  mm.   pressure),  produced  from  one   cc.    of 
liquid  at  the  boiling-point. 
L  =  Heat  of  vaporization  in  a  unit  of  volume  (one  cc.)  of 
gas  reduced  to  0°  and  760  mm.  pressure. 
The  specific  gravity  of  liquids  at  the  boiling-point  is  taken 
from  Clarke's  tables  of  '*  Constants  of  Nature,'*  where  the  refer- 
ences are  fully  given.     The  boiling-point  is  obtained  from  Car- 
nelley's  tables. 

I  will  first  show  the  results  obtained  from  some  of  the  fatty 
acids  and  their  alkyl  compounds. 

Formates. 

Name.  Formula.  D.       B.  P.  S.  G.  H.  V.  V.  I,. 

Formic  acid  HCHO.^  23    373.8°     1.1175      120.72*    542.26    0.2226 

Methyl  formate    CH3CHO,       30    3053°    0.95196     |^;J^    354.15    o.l^^ 

Ethyl  formate      C2H5CHO.2  37  326.5°  0.86667  92.15^  263.36  0.3499 

Propyl  formate    C3H7CHO5,  44  354.2°  0.82146  85.25*  208.37  0.4091 

Isobutyl  formate  C4H9CHO.2  51  371.0°  0.7784  77.0*  170.34  0.4520 

Isoamyl  formate  CjHjiCHO,  58  397.0°  0.7554  71-65*  145-35  0.4929 

Fig.  I  represents  the  curves  of  the  formates,  the  density  and 
boiling-point  curves  being  shown  on  the  same  sheet.  In  all 
cases  the  corresponding  acids  fall  in  line  in  the  density  curves 
but  not  in  the  boiling-point  curves.  The  acids,  however,  form 
both  density  and  boiling-point  curves  of  their  own,  as  will  be 
shown  later  on. 

It  will  be  seen  from  Fig.  i  that  the  heat  of  vaporization  per 
unit  of  volume  (H.  V.)  of  methyl  formate  obtained  from  the 
result  of  Andrews'  determination  is  too  high.  To  conform  to 
the  curve  it  should  be  0.2900  which  would  give  102.70  as  the 
heat  of  vaporization  (H.  V.)  instead  of  117. 10  as  given  by 
Andrews,  whose  determination  has  never  be'en  verified.     But 

1  Favre  and  Silberman  :  Ann.  chim.phys.  [3],  37,  4^-470. 

2  Andrews  :  Chem.  Soc.  Quar.  J.,  x,  27. 

8  Calculated  from  the  data  furnished  by  the  curves  shown  in  this  paper. 
4  Schiff :  Ann.  Chem.  (Liebig),  234,  338. 
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since  many  of  Andrews'  determinations  have  been  found  by  later 
investigators  to  be  considerably  too  high,  it  is  reasonable  to 
suppose  under  the  circumstances  that  this  one  is  too  high  also. 
To  substantiate  this  I  will  give  the  following  instances,  which 
may  be  cited  from  determinations  made  by  Andrews  and  Schiff : 

Ethyl  aceute   {^^S^-      Ht,,,^,., 

Ethyl  lotmate  \  ^'^S"''     "OSJ" 
•^  (  Schiff,  92.2-92.1 

Acetates. 

Name.  Formula.  D.        B.  P.  S.  G.  H.  V.  V.  L. 

Acetic  acid  HCjHaO,  30  391.1°  0.9372  101.91*  348.66  0.2923 

Methyl  acetate  CHsCjHsO.,  37  330-3'^  0.8808  93.95*  265.68  0.3536 

Ethyl  acetate      CjHsCaHjO,  44  350.0"^  0.82673  83.1*  209.70  0.3961 

Propyl  acetate    CsHTC^HgOa  51  375-3°  0.7917  77.3*  173-25  0.4462 

Isobutyl acetate  CiHjCjHjO,  58  389.8°  0.7708  69.9*  148.32  0.4713 

Isoamyl  acetate  CsHnCjHjOj  65  415.0°  0.74295  66.35*  127.56  0.5201 

The  acetates  form  very  good  curves,  as  will  be  seen  in  Fig.  2. 
The  boiling-point  curve  is  almost  a  straight  line.  It  has  been 
shown  above  that  Schi£f*s  determinations  of  the  heats  of  vapori- 
zation (H.  V.)  of  methyl  and  ethj'l  acetates  are  much  lower 
than  those  of  Andrews.  Favre  and  Silberman's  determination 
gives  a  number  for  ethyl  acetate  much  higher  than  that  of  either 
of  the  other  investigators,  it  being  105.8.  The  results  of  Schiff 
are  taken  as  being  more  nearly  correct. 

Propionates. 

Name.  Formula.         D.        B.  P.         S.  G.  H.  V.  V.  L. 

Propionic  acid         H.CjHsOa      37  413.7°  0.8589      90.42*'  259.08  0.3490 

Methyl  propionate  CHs.CjHjO,  44  353.0^'  0.83679884.15*  212.25  0.3965 

Ethyl           **           C,H5.C8H5025i  37i-7°  0.7962      77.1*  17464  0.4415 

Propyl          *'           CHt.CsHjO,  58  395.6°  0.76815     71.5*  147.81  0.4832 

Isobutyl       *•           C4H,.CjH50, 65  409.8°  0.74424    66.0*  127.78  0.5165 

Isoamyl        *'          CjHn.CjHsOa  72  433-5°  0.7295      63.05*  113.08  0.5576 

The  curves  representing  the  propionates  are  shown  in  Fig.  3, 
and  it  will  be  seen  that  they  are  quite  regular.  The  heat  of 
vaporization  (H.  V.)   of  propionic  acid  has  never  been  deter- 

1  Favre  and  Silberman  :  Anu.  chun.  phys.  [3],  37,  464-470. 

3  Schiff  :  Ann.  Chem.  (Liebig),  334, 53S. 

>  Calculated  by  the  data  furnished  by  the  curves  shown  in  this  paper. 

4  Schiff  :  Ann  Chem.  (Uebig),  334,  338. 
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mined  ;  but  according  to  the  density  curve  of  the  propionates, 
its  heat  per  unit  of  volume  of  vapor  (L.)  should  be  0.3490, 
which  would  give  for  the  heat  of  vaporization  (H.  V.)  the  num- 
ber 90.42. 

BUTVRATES. 
Name.  Formula.         D.       B.  P.  S.  G.  H.  V.  V.  1,. 

Butyric  acid  H.C,H,0,     44    4355°    0.8120      'J^.67;     ^05.96    ^;g7 

Methyl  bntyrates  CH3C,H,0, 51  375-3°  0.80261  J^^^  175.54  0.4972 

Ethyl           *'       ■   C,H5C4H702  58  392.0°  0.7694  71.5^  148.05  0.4829 

Propyl         **          CjHtC^H,©,  65  416.4°  0.745694  66.2'  128.03  0.5170 

Isobntyl       "          C4H9C4H,02  72  429.7°  0.7163  61.9'  11 1.63  0.5575 

Isoamyl      *'          CsHiiC*!!^©,  79  451.0°  0.71148  59.4'  100.51  0.5910 

The  curves  of  the  butyrates  are  shown  in  Fig.  4.  The  den- 
sity curve  is  almost  a  straight  line,  while  the  boiling-point  curve 
breaks  badly  at  propyl  butyrate.  This  would  indicate  that  its 
boiling-point,  as  determined,  is  too  high  and  should  be  408'' 
(absolute  temperature)  instead  of  416.4**,  as  determined  by 
Linneman,  which  is  given  the  preference  by  Camelley  over 
other  determinations.  The  recorded  results  of  the  determina- 
tions of  the  boiling-point  of  propyl  butyrate  are  as  follows  : 

144.3°  C.  Pawlewski. 

143.42**  C.         Linneman. 

142.7**  C.  Elsasser. 

i39'*-i4i°  C.      Chancel. 

137.25**  (765)    Pierre  and  Puchot. 
The  last  result  would  agree  very  well  with  that  deduced  from 
the  curve,  viz,,  135**  C. 

The  heat  of  vaporization  (H.  V.)  of  butyric  acid  has  only 
been  determined  by  Favre  and  Silberman.  Their  result  is 
114.67  cal.,  which  is  probably  too  high.  It  gives  the  heat  per 
unit  of  volume  (L.)  0.5567,  which  throws  it  entirely  out  of  the 
curve  shown  in  Fig.  4,  according  to  which  the  number  should 
be  about  0.4020;  this  would  give  82.79  cal.  as  the  heat  of 
vaporization  (H.  V.)  of  butyric  acid.  As  will  be  seen  in  the 
table  above  B'avre  and  Silberman 's  result  for  methyl  butyrate  is 
much  higher  than  Schiff's. 

1  Favre  and  Silberman  :  Ann.  chim.phys.  [3],  37,  464-470. 

2  Calculated  by  the  data  furnished  by  the  curves  shown  in  this  paper. 
S  Schiff  :  Ann.  CKem.  (Uebig),  334,  338. 
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ISOBUTYRATBS. 
Name.  Formula.  D.      B.  P.  S.  G.    .   H.  V.  V.  L. 

Isobutyric  acid  H.CiH^O,  44  428.5'^  0.8054  76.67*  204.29  0.3900 
MethylisobtttyrateCHs.CtHTO,  51  $6$,$°  0.80397  75.5«  175-93  0.4291 
Ethyl  "  C,H5.C4HtO,  58    383.0°    0.7681    69.2*      147.80    0.4682 

Propyl  **  C,Ht.C4HtO,  65    407.0^    0.74647  63.9*      128.17    0.4985 

Isobutyl       "  C4H9.C4HTO,  72    421.6°    0.73281  59.95*    11359    0.5278 

Isoamyl        *'  CjHiiCiHyO,  79    44i.o°    0.70662 '57.65«      99.82    0.5775 

The  isobutyrate  curves  (Fig.  5)  seem  to  indicate  that  the 
heats  of  vaporization  (.H.V.)  of  the  propyl  and  isobutyl  isobutyric 
rates  as  determined  are  a  trifle  too  low.  From  the  density  curve 
it  will  be  seen  that  the  heat  per  unit  of  volume  (L.)  of  isobutyric 
acid  should  be  0.3900  which  would  give  76.67  cal.  for  the  heat 
of  vapk)rization  (H.  V.).     No  determination  of  this  constant  has 

been  recorded. 

Vai^erates. 

Name.  Formula.  D.      B.  P.  S.  G.  H.  V.  V.  L. 

Valeric  acid         H.C5H,0,        51    458-4°    0.7828      '^3-52'^     171.30    o-J^42 

Methyl  valerate  CHsCjHjO,  58  389.3^  0.77518  69.95*  149.16  0,4684 
Ethyl  **         CaHsCsHjO,    65    407.0°    0.74764      64.65*     128.37    0.5036 

Propyl  *'  CsHjCsH^O,  72  428.5°  0.727405  61.2*  112.75  0.5427 
Isobutyl  "  C4H,C5H90j  79  442.0°  0.70549  57.85*  99.66  0.5805 
Isoamyl  **  CsHiiCsHjO,  86  460.5°  0.698435  56.2*  90.64  0.6200 
The  curves  representing  the  valerates  are  shown  in  Fig.  6. 
The  density  curve  is  quite  uniform.  Schiff  finds  the  heat  of 
vaporization  (H.  V.)  of  isoamyl  valerate  to  be  56.2  cal.  and 
from  the  curve  it  will  be  seen  that  the  heat  per  unit  of  volume 
(L.)  should  be  0.6200,  but  this  constant  could  not  be  calculated 
since  no  determination  of  the  specific  gravity  of  this  compound 
at  its  boiling-point  has  been  made.  However,  assuming  the 
curve  to  be  correct,  the  specific  gravity  at  the  boiling-point 
becomes  0.698435.  The  only  determination  of  the  heat  of 
vaporization  (H.  V.)  of  valeric  acid  on  record  is  that  of  Favre 
and  Silberman,  which  places  it  at  103.52  cal.  This  would  give 
0.6042  as  the  heat  per  unit  of  .volume  (L.)>  while  according  to 
the  curve  it  should  be  0.4310,  which  gives  73.83  cal.  as  the  heat 
of  vaporization  (H.  V.). 

1  Calculated  by  the  data  furnished  by  the  curves  shown  in  this  paper. 

2  Schiff  :  Ann.  Chem.  (Uebig),  234,  238. 

•  Favre  and  Silberman  :  Ann.  chim.  phys.  [3],  37.  464-470. 

4  Calculated  by  the  data  furnished  by  the  curves  shown  in  this  paper. 

&  Schiff :  Ann.  Chem'  (Uebig),  234,  338. 
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According  to  the  boiling-point  curve  the  boiling-point  of 
propyl  valerate  428.5"  (absolute temperature)  or  155.5**  C.  isa trifle 
too  high. 

Fig.  7  gives  all  of  the  density  curves  of  the  compounds  above 
mentioned,  in  one  diagram,  showing  that  the  relationship 
between  them  is  very  close  and  that  the  uniformity  of  the  curves 
is  very  striking. 

Fig.  8  is  a  similar  combination  of  the  boiling-point  curves, 
showing  the  general  tread  of  them  to  be  almost  that  of  a  straight 
line. 

Acids. 


Name. 

Formula. 

D. 

B.  P. 

S.  G. 

H.  V. 

V. 

I*. 

Formic 

H.CHO2 

^3 

373.8^ 

I.II75 

92.71' 
120.72* 

542.26 

0.2659 
0.2226 

Acetic 

XI..C2H3O2 

30 

391.1^ 

0.9372 

IOI.9I* 

348.66 

0.2923 

Propionic 

H.C3H5O, 

37 

413.7'' 

0.8589 

90.42^ 

259.08 

0.3490 

Isobutyric 

H.C.HA 

44 

428.5^ 

0.8054 

79.673 

264.29 

0.3900 

Butyric 

H.C,H,0, 

44 

435.5° 

0.8120 

82.79' 

205.96 

0.4020 

Valeric 

H-CsHjO, 

51 

458.4'' 

0.7828 

73.83' 

171.30 

0.4310 

The  curves  of  the  acids  (Fig.  9)  are  constructed  as  far  as  pos- 
sible from  their  constants,  as  determined  and  recorded  by  the 
various  observers,  but  otherwise  the  data  used  have  been  derived 
from  the  curves  formed  by  their  corresponding  compounds. 

The  heat  of  vaporization  (H.  V.)  of  acetic  acid  as  determined 
by  Ramsey  and  Young  seems  to  be  too  low  as  it  does  not  con- 
form to  either  the  density  or  boiling-point  curve. 

Al,COHOI,S. 

Name.  Formula.        D.        B.  P.         8.  G.         H.  V.  V.  L. 

Water  H.OH  9    373.0'^    0.9589    536.0*      1189.11     0.4507 

Methyl  alcohol        CH3OH  16  339.2°  0.7483  263.86*  521.97  0.5055 

Ethyl         "              C2H5OH  23  351.3°  0.74035  201.42*  359.25  0.5607 

Isopropyl  "              C3H7OH  30  355.8°  0.7413  159.72*  275.78  0.5791 

Propyl       **  (nor.)  C3H7OH  30  370.1°  0.7366  164.07*  274.03  0.5987 

Isobutyl    **              C4H9OH  37  381.4°  0.7265  136.16*  219.14  0.6213 

Butyl         **  (nor.)C4H90H  37  389.96°  0.7269  138.18*  219.26  0.6298 

Amyl         **               CgHnOH  44  404.4°  0.7154  118.15*  181.46  0.6511 

1  Ramsey  and  Young  :  /.  Chem.  Soc,  Lond.,  49,  790. 

2  Favre  and  Silberman  :  Ann.  chim.  phys.  [3],  37,  464-470. 

8  Calculated  by  the  data  furnished  by  the  curves  shown  in  this  paper. 
4  Regnault :  Mem.  Acad.  Sci.,  az,  638. 
^  I«ouguinine  :  Compt.  rend.,  1x9,  601. 
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The  normal  alcohols  form  quite  symmetrical  curves,  as  is 
shown  in  Fig.  10.  In  the  density  curve,  water,  as  the  type, 
falls  in  with  the  alcohols  as  the  acids  do  with  their  correspond- 
ing compounds.  It  will  be  noticed  that  isopropyl  and  isoamyl 
alcohols  do  not  fall  into  line  with  the  normal' alcohols,  but,  as 
might  be  expected,  they  form  a  portion  of  a  curve  for  which  the 
data  relating  to  the  remaining  members  of  the  series  are  not  to  be 
had  at  present. 

In  constructing  the  alcohol  curves,  the  heat  of  vaporization 
(H.  V.)  of  methyl  alcohol,  as  determined  by  Favre  and  Silber- 
man,  was  taken  in  preference  to  that  of  Diakonoff,  which  is 
believed  to  be  an  impossible  value.  These  determinations  are 
as  follows : 

Favre  and  Silberman 263.86  cal. 

Diakonoff 123.79    '* 

In  the  case  of  ethyl  alcohol  the  determination  of  Longuinine 
was  used,  although  three  determinations  are  recorded  as  fol- 
lows: 

Favre  and  Silberman 208.92  cal. 

Andrews 202.40    *  * 

Longuinine  •••  • 201.42    ** 

Of  the  two  determinations  of  propyl  alcohol  (normal) 

Diakonoff » 165.92  cal. 

Longuinine 164.07    ' ' 

I  have  made  use  of  the  latter. 

Two  determinations  of  amyl  alcohol  (by  fermentation)  are 
recorded,  viz, 

Favre  and  Silberman 121.37  cal. 

Longuinine 118.15    " 

and  I  have  used  the  latter. 

The  determinations  of  the  other  alcohols  given  in  the  above 
table  have  been  made  only  by  Longuinine. 

HYDROCARBONS. 

SuflScient  data  has  been  found  to  make  it  possible  to  construct 
curves  for  a  portion  of  the  CnH,„_6  series  of  the  hydrocarbons,  as 
follows  : 
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Name. 

Formula 

D.        B,  p.              S.  G.         H.  V. 

V. 

L. 

Beniene 

C.H, 

39    353-35-    o-Sm    93-45' 

232." 

0.4026 

Toluene 

CiH. 

46    383.8^      0.77694  83.5s' 

188.49 

0.4432 

Etbyl  benzene 

<:.H,. 

53    407.7'^      0.7612    76.4' 

160.29 

0.4766 

Xylene  (n.eu) 

C.H,, 

53    4I2-9'-      0.7S7I5  78.25' 

159.44 

0.4908 

Propyl  benzene 

C,H„ 

60    43o.a-      0,7399    7'-7S' 

137-63 

0.5213 

Mesitylene 

C,H„ 

60    435-7^      0-7372    71.75' 

137.12 

0.5332 

Cymene 

C,.H„ 

67    448.0=      0.7248    66.3* 

130.73 

0.5491 

As  will  be 

seen  in  Fig. 

1 1  these  hydrocarbons 

orm  tv. 

oden- 

sity  curves  ;  one  is  formed  by  benzene,  ethyl  benzene,  and  pro- 
pyl benzene,  and  the  other  by  benzeni;,  toluene,  xylene,  mesity- 
lene, and  cymene.  The  boiling-point  curve  is  fairly  regular  and 
contains  all  of  the  series. 

CONCLUSION. 

From  the  foregoing  we  may  enunciate  the  following  law,  viz. : 
' '  In  any  homologous  series,  the  heat  of  vaporization  in  a  unit 
of  volume  of  the  vapor,  under  the  same  conditions  as  to  tem- 
perature and  pressure,  is  proportional  to  the  density  and  also  to 
the  absolute  boiling-point." 

It  will  be  noticed  that  the  acid  radical  in  any  series  fixes  the 

*Schiff:  AHn.chini.  (Liebitc),  134.  338. 


986  AUGUSTUS   H.    GII,L   AND   SAMUEI.  P.    HUNT. 

characteristic  of  the  curve,  /.  ^.,  the  acid  radical  is  the  basis 
of  the  structure  of  the  molecule,  and  the  bases  in  combination 
with  it,  do  not  alter  the  general  molecular  architecture. 

When  more  complete  data  have  been  obtained  some  interest- 
ing developments  in  this  direction  may  be  expected. 

Vandbrbilt  Univbrsity. 
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IN  making  an  analysis  of  illuminating  gas  by  HempePs  method 
it  was  noticed  that  the  determination  of  the  constituents  by 
explosion  was  by  no  means  as  accurate  as  that  made  by  absorp- 
tion. This  had  been  observed  by  Hinman'  and  is  probably  due 
( I )  to  the  fact  that  an  aliquot  part  of  the  residue  (after  all  absorp- 
tions had  been  made)  containing  the  methane  and  hydrogen  is 
used,  necessitating  the  multiplication  of  errors  by  a  factor  as  large 
as  four  or  five,  and  (2)  to  the  possible  absorption  of  the  carbon 
dioxide  formed  by  the  water  in  the  burette.  To  obviate  these 
difficulties,  it  was  determined  to  use  all  the  gas  left  after  the 
absorptions  had  been  made,  mercury  as  the  confining  liquid  and 
to  explode  with  pure  oxygen  rather  than  with  air.  Instead  of 
using  the  gas  left  after  the  actual  absorptions,  which  would  be 
of  unknown  composition  and  troublesome  to  obtain,  an  artificial 
mixture,  made  from  methane,  hydrogen  and  nitrogen,  approxi- 
mating closely  to  the  composition  of  the  residue,  was  employed. 
Preparation  of  the  Gaseous  Mixtures, — The  hydrogen  was  pre- 
pared by  the  electrolysis  of  water ;  it  was  then  shaken  up  with 
potassium  pyrogallate  to  remove  the  slight  quantity  of  oxygen 
with  which  it  was  mixed,  and  upon  analysis  was  found  to  con- 
tain four  and  two  tenths  per  cent,  of  nitrogen.  In  making  an  anal- 
ysis of  hydrogen,  we  would  lay  especial  emphasis  upon  the 
necessity  of  having  the  ratio  of  explosive  mixture  to  inert  gases 
as  great  as  i :  6  as  Hempel*  recommends,  in  order  not  to  bum 
the  nitrogen. 

1  Prepared  for  the  Springfield  Meeting,  August  28,  1895. 

3  The  work  described  in  this  paper  formed  the  basis  of  a  thesis  presented  by  Mr. 
Hunt  to  the  Faculty  of  the  Massachusetts  Institute  of  Technology  for  the  Degree  of 
Bachelor  of  Science. 

8  Massachusetts  Senate  Document  No.  16,  1892.  Inspection  of  Gas  and  Gas  Meters, 
p.  12. 

*  Hempel,  "  Gasanalytische  Methoden  "  p.  132. 
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This  is  considerably  larger  than  that  which  Bunsen*  recom- 
mended, which  may  vary  between  the  limits  twenty-six  and  six- 
ty-four of  combustible  gas  to  100  of  incombustible.  Unless  the 
larger  ratio  be  adopted  the  determination  of  hydrogen  may  come 
two  and  a  half  per  cent,  high,  as  is  shown  by  the  following  table : 
Tablb  I.    Determination  of  the  Purity  of  the  Hydrogen. 

Hydrog^en  taken  cc.  Air  used  cc.  Ratio.  Per  cent,  hydrogen. 

20.5                         185.0  1:5.7                         95-8 

20.5                         185.0  1:5.7                         95-8 

50.0                        1 15.0  1 :  1.2                        98.3 

50.0                       1 15.0  1 : 1.2                       98.0 

The  nitrogen  probably  burns  to  N,0^,  as  the  characteristic 
dark  red  fumes  of  this  gas  were  frequently  seen  in  the  pipette. 
By  the  Griess  test  with  a-naphthylamine  we  were  able  to  prove 
the  presence  of  quite  a  quantity  of  nitrites  in  several  cases. 

In  making  the  analyses  of  hydrogen  by  the  first  method  it  was 
necessary  to  connect  and  disconnect  the  burette  tjiree  times  in 
each  case ;  the  error  which  might  be  introduced  was  determined 
with  the  following  results : 

Table  II.    Showing  the  Errors  in  Manipulation  in  Connecting 

THE  Burette  and  Pipette. 

:.      Air  taken  out  cc.  Errors  cc.  Remarks. 

207.4  — 2.9 

216.6  +0-6 

208.7  — 1.5 


Burettefuls. 

Air  put  in 

3 

210.3 

3 

216.0 

3       • 

210.2 

3 

213-3 

I 

97.6 

I 

97.2 

3 

237.5 

.213.8  +0.5  [ 

97.2  -^0.4" 

96.8  ^-0.4  > 


No  connections 
wired. 

All  connections 
wired  but  one. 

•All  connections 

wired. 
237.3  — 0.2 

The  oxygen  was  obtained  in  a  similar  manner  to  the  hydro- 
gen and  contained  one  and  six-tenths  per  cent. -hydrogen  and 
one  and  four- tenths  per  cent,  nitrogen.  The  nitrogen  in  both 
these  gases  probably  came  from  the  distilled  water  electrolyzed, 
which  was  not  freshly  boiled  before  use. 

The  nitrogen  employed  was  prepared  by  removing  the  oxygen 
from  the  air  by  means  of  phosphorus,  allowing  the  gas  to  stand 
in  the  light  twenty-four  hours  to  decompose  any  ozone,  and 
subsequent  treatment  with  a  small  quantity  of  alkaline  pyro- 
gallate. 

1  Buusen,  "  Gasometrische  Methoden  "  (1877)  p.  73. 
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An  attempt  was  made  to  prepare  the  methane  by  the  usual 
method  of  heating  sodium  acetate  with  sodium  hydroxide  and 
quicklime;  the  gas  was  found  to  be  so  largely  contaminated 
with  hydrogen, — as  high  as  ten  per  cent,  being  found — as  to  be 
unfit  for  our  purpose.  This  result  is  directly  at  variance  with 
the  statement  of  Freyer  and  Meyer'  who  say  that  this  process 
''furnishes  a  very  approximately  pure  gas.** 

Xor  did  the  method  of  Gladstone  and  Tribe, ^  the  reaction  of 
a  zinc-copper  couple  upon  methyl  iodide,  at  first  ^neld  any  bet- 
ter results,  owing  possibly  to  the  water  in  the  alcohol  used.  To 
obviate  this  and  also  prevent  the  possible  formation  of  ethane, 
anhydrous  methyl  alcohol  was  substituted  for  the  ordinary  alco- 
hol usually  employed.  The  air  in  the  apparatus  was  displaced 
by  carbon  dioxide  and  the  methane  collected,  treated  with  potas- 
sium hydroxide  to  absorb  this  impurity.  An  analysis  of  the  gas 
thus  made,  by  explosion  with  oxygen  and  also  with  air — care 
being  taken  to  avoid  burning  any  nitrogen — showed  the  methane 
to  be  chemically  pure. 

The  gases  thus  prepared  and  also  the  mixtures  made  from 
them,  were  stored  in  bottles  provided  with  doubly-perforated 
rubber  stoppers  carrying  a  tube  for  the  introduction  of  water  and 
a  tube  for  the  egress  of  the  gas.  To  render  these  absolutelj- 
tight,  the  stoppers  were  fastened  in  by  fitting  a  brass  plate  to 
cover  the  top  of  the  stopper,  and  by  means  of  brass  bolts  and 
nuts  passing  through  wire  loops  around  the  neck  of  the  bottle, 
pressing  the  stopper  firmly  into  the  neck  of  the  bottle.  Joints  of 
this  kind  are  sufficiently  tight  to  withstand  a  pressure  of  hydro- 
gen.'* To  reduce  the  possibility  of  the  transfusion  of  the  gases 
to  a  minimum',  a  slight  outward  pressure  was  maintained  in  each 
bottle  and  it  was  inverted  in  a  pan  of  water.  The  separate  gases 
were  kept  in  this  way  for  about  two  months,  freshly  distilled 
water  being  used  to  displace  the  quantities  requisite  for  the  vari- 
ous mixtures.  These  mixtures  made  from  them  stood  in  no  case 
over  two  days,  before  being  completely  used  up,  so  that  the 
amounts  of  methane  and  hydrogen  dissolved*  by  the  distilled 
water,  used  to  displace  the  various  volumes  taken,  were  negligi- 

1  Ztschr.  phys.  Chem.,  ii,  28. 

ay.  Ckem  Soc.,  45,  154. 

»  Gill :  J.  Anal.  Appl.  Chem.,  6,  601. 
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ble  ;  the  coefficients  of  absorption  of  the  various  gases  not  being 
widely  different  the  ratio  of  the  gases  would  remain  the  same 
within  the  errors  of  the  analysis. 

The  gases  were  mixed  by  displacing  the  water  from  a  liter 
bottle  with  the  proper  amounts  of  methane,  hydrogen  and  nitro- 
gen— measured  by  a  burette — care  being  taken  to  leave  some  of 
the  water  to  act  as  a  stirrer,  and  then  thoroughly  shaking  the 
bottle.  By  connecting  this  with  a  bottle  of  distilled  water  by 
means  of  a  siphon,  the  requisite  quantity  of  gas  for  an  experi- 
ment could  be  displaced  into  the  burette. 

Method  of  Procedure, — Fifty  cubic  centimeters — this  being 
about  the  usual  residue  from  Boston  gas  after  all  the  absorbable 
constituents  had  been  removed — were  measured  out,  mixed  with 
about  sixty  cc.  of  oxygen  and  burned  in  an  explosion  pipette 
devised  by  one  of  us.*  This  combustion  took  place  in  different 
ways,  at  first  as  one  explosion,  and  later  by  two  explosions, 
with  the  idea  of  diminishing  the  error  due  to  the  possible  com- 
bustion of  nitrogen.  In  using  the  latter  method  it  was  found 
necessary  to  make  the  ratio  of  the  explosive  mixture  to  inert 
gases,  nearly  i :  2  in  order  that  any  explosion  might  take  place  ; 

I 

with  some  mixtures  not  strong  enough  to  explode,  if  care  be  not 
taken  to  pass  the  spark  but  a  short  time,  the  fine  platinum  wire 
becomes  heated  and  finally  glows,  similar  to  the  platinum  sponge 
in  the  Dobereiner  lamp,  producing  a  very  slow  combustion, 
causing  annoyance  and  delay  in  the  analysis.  A  rough  experi- 
ment may  very  well  be  made  at  first,  to  determine  the  composi- 
tion of  the  gas  under  investigation  and  then  suitable  quantities 
of  oxygen  added  for  the  first  and  second  explosion. 

The  residue  in  the  explosion  pipette  was,  in  every  case,  trans- 
ferred to  an  ordinary  Hempel  burette  for  measurement,  mercury, 
instead  of  water,  being  the  confining  liquid  ;  the  gas  was  passed 
into  potassium  hydroxide  and  then  into  pyrogallate  for  the  deter- 
mination of  carbon  dioxide  and  oxygen.  It  is  almost  impossible 
to  avoid  sucking  back  some  of  the  absorbents  into  the  burette, 
which  being  strongly  alkaline,  would  vitiate  the  next  analysis 
by  absorbing  carbon^  dioxide ;  to  obviate  this  difficulty  the 
instrument  was  washed  out  with  dilute  acetic  acid*  and  then  with 

1  Gill  \  J.  Am.  Chent.  Soc.,  17,  771. 

2  If  hydrochloric  acid  be  used  it  forms  a  precipitate  of  mercurous  chloride  upon  the 
walls  of  the  pipette,  coming  from  the  mercurous  salts  produced  by  the  action  of  the 

«oxides  of  uitrogeu  upon  the  mercury. 
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water,  almost  filled  with  mercury  allowed  to  stand  about  half  an 
hour,  the  water  which  collected  at  the  top  displaced  and  then 
used  for  the  next  determination.  no 

Instead  of  using  the  ordinary  doubly  bent  ^  I 

connecting  tube,  this  was  varied  by  the  in-  iT,  1  j 

troduction  of  a  T  joint,  which  is  found  es-  ^ 

pecially  convenient  in  adding  successive  portions  of  oxygen. 
The  burette  being  connected  at  b,  the  pipette  at  p,  and  the  oxy- 
gen at  o,  one  can  add  the  oxygen  without  disconnecting  the 
burette  each  time.  By  connecting  in  a  short  tube  at  o.  and  fill- 
ing it  with  mercury,  the  capillaries  can  be  filled  with  mercury, 
an  important  point  in  preventing  the  rubber  connectors  from 
being  burst  by  the  force  of  the  explosion.  All  connections 
should  be  carefully  wired.  By  the  use  of  two  sets  of  apparatus 
two  analyses  may  be  executed  at  one  time,  in  one  an  absorption 
be  taking  place,  in  another  an  explosion,  etc.  Six  analyses  in 
three  hours  were  frequently  made. 

Caladation  of  Results, — The  calculation  of  the  results  of  the 
explosion  was  made  according  to  the  directions  of  Hempel,*tbat 
is  in  accordance  with  the  reactions  : 

CH,-f  20,  =  C0,-f  2H,0. 
2H,  +  0,  =  2H,0. 

The  volume  of  carbon  dioxide  obtained  represents  the  methane 
present,  and  twice  this  volume  subtracted  from  the  total  contrac- 
tion, gives  the  contraction  due  to  hydrogen ;  this  latter  being 
multiplied  by  two-thirds,  gives  the  amount  of  hydrogen  present. 
Table  III  shows  the  results  obtained. 

Tablk  III. —Analysis  of  a  Mixture  of  Methane,   Hydrogen  and 

Nitrogen  by  One  Explosion  with  Oxygen. 


Mixture 

Oxygen 

Methane 

Hydrogen 

Nitrogen 

cc. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

49.8 

65.2 

34.7 

54.8 

10.5 

519 

65.0 

35.3 

54.1 

10.6 

49.7 

65.6 

35.1 

53.9 

II.O 

50.1 

61.3 

34.5 

55.0 

10.5 

51-5 

61.8 

350 

53.6 

II.4 

59-4 

72.8 

34.4 

550 

10.6 

49-4 

56.2 

34.3 

55.0 

10.7 

49.2 

56.0 

34.0 

54.9 

II. I 

49.2 

583 

33.4 

55.0 

II.6 

49-9 

55-6 

34.8 

54.9 

10.3 

Average 

•     34.5 

54.7 

10.8 

1  Imc.  t/V.  217. 

Theory 

34.7 

53-5 

11.8 

METHANE   AND   HYDROGEN   BY  EXPLOSION.  99I 

The  results  obtained  in  the  estimation  of  the  methane  -are 
quite  satisfactory  and  are  probably  within  th6  limits  of  error  of 
the  apparatus.  The  hydrogen  is  high,  due  to  the  fact  that 
the  methane  is  low,  and  possibly  also  to  the  burning  of  the  nitro- 
gen. 

In  order  to  diminish  the  error  from  the  latter  source,  a  new 

mixture  was  made,  and  analyzed  by  exploding  twice  successively 

with  oxygen,  care  being  taken  to  add  as  little  oxygen  for  the 

first  explosion  as  would  make  the  mixture  combustible.     Table 

IV  shows  the  results  obtained. 

Table  IV. — Analysis  op  a  Mixture  op  Methane,  Hydrogen   and 
Nitrogen  by  Two  Explosions  with  Oxygen. 


Mixture 

Oxygen  used 

Methane 

Hydrogfen 

Nitrogen 

cc. 

first  Um^ 

second  time. 

per  cent. 

per  cent. 

per  cent. 

51.2 

40.0 

40.9 

32.6 

46.6 

20.8 

511 

41.0 

39-9 

32.0 

46.5 

21.5 

56.7 

40.0 

50.3 

32.1 

46.7 

21.2 

48.5 

31.0 

45-7 

32.2 

47.5 

20.3 

50.3 

31.0 

49.8 

32.4 

48.0 

19.6 

50-9 

32.0 

511 

32.3 

47.6 

20.1 

53-4 

35.0 

45-6 

31.7 

48.1 

20.2 

50.9 

30.0 

52-9 

32.1 

48.1 

19.8 

49-3 

29.0 

47.7 

32.2 

47.9 

19.9 

50.7 

31.0 

49.6 

32.3 

48.5 

19.2 

Average    32.2 

47.55 

20.25 

Theory 

32.2 

47.7 

20.1 

The  results  are  very  satisfactory  and  if  we  compare  them  with 
those  of  the  preceding  table  (III) ,  we  see  that  the  average  is  more 
nearly  correct  than  that  of  the  former,  and  the  deviations  from 
the  mean  much  less.  The  first  three  present  the  greatest  varia- 
tion in  regard  to  hydrogen,  it  being  onie  per  cent,  too  low,  these 
two  had  the  greatest  proportional  amount  of  oxygen  in  the  first 
explosion  which  is  anomalous. 

In  order  to  obtain  an  idea  of  what  takes  place  during  the  first 

explosion,  several  were  performed  and  the  per  cents,  of  methane 

and  hydrogen  which  burned  determined. 

Table   v.— ^SHowING  the   Amount   of    Methane    and    Hydrogen 
Burned  When  an  Insufficient  Quantity  of  Oxygen  is  Present. 


Methane 

Hydrogen 

mixture 

oxygen 

present 

burned 

burned 

present         burned 

burned 

cc. 

cc. 

cc. 

cc. 

per  cent. 

cc.                  cc. 

percent. 

53-0 

29.2 

17.I 

4.0 

23-4 

25.0              12.5 

50,0 

53.4 

29.1 

17.2 

4.3 

25.0 

25.2              II. 7 

46.3 

550 

33-6 

17.7 

4.9 

27.7 

26.0              16.7 

64.3 

57.4 

35.2 

18.5 

5.2 

28.1 

27.1              17.0 

63.8 
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About  sixty  per  cent,  of  the  hydrogen  burned  and,  contrary  to 
the  usual  opinion,  twenty-five  per  cent,  of  the  methane  and 
only  about  fifty  per  cent,  of  the  oxygen. 

By  way  of  comparison  with  the  usual  method,  a  series  of 
analyses  of  the  same  mixture  was  carried  through,  employing  a 
smaller  quantity  and  exploding  with  air ;  the  mercury  explosion 
pipette  was  used  as  before  and  the  residue  after  explosion  meas- 
ured in  a  burette  using  water,  as  is  customary,  instead  of  mer- 
cury as  the  confining  liquid. 

Table  VI. — Analysis  op  a  Mixture  of   Methane,  Hydrogen  and 

Nitrogen  by  Exploding  with  Air. 


Mixture 

Air 

Methane 

Hydrogen 

Nitrogen 

cc. 

cc. 

per  cent. 

per  cent. 

per  cent. 

17.8 

79.8 

29.8 

45-3 

24.9 

15.3 

82.2 

31.4 

49-3 

19.3 

16.3 

81.4 

33.7 

42.5 

239 

15.9 

82.4 

31-4 

38.6 

30.0 

16. 1 

78.2 

39.1 

30.4 

30.5 

16.8 

80.5 

33.3 

42.3 

24.4 

16.I 

82.0 

30.4 

44.1 

25.5 

16.2 

81.2 

36.4 

33-4 

30.2 

i5.8» 

79-5 

31-6 

40.0 

28.4 

I5-I 

82.5 

33.8 

38.0 

28.2 

16.2 

82.6 

31.2 

42.9 

25.9 

14.8 

83.8 

34.4 

38.4 

27.2 

15-9 

84.3 

33-9 

37-7 

28.6 

Average 

33.1 

42.2 

26.7 

Theory 

32.2 

47.7 

20.1 

Deviation 

+0.9 

—7-5 

+6.6 

These  figures  substantiate  those  of  Hinman,*  the  results  for 
methane  and  nitrogen  being  high  and  those  for  hydrogen  low, 
the  variations  between  the  different  analyses  are  even  more 
marked.  It  is  to  be  noticed  that,  contrary  to  expectation,  the 
results  upon  the  methane  are  high,  indicating  perhaps  that  the 
water  in  the  burette  is  without  appreciable  solvent  action  upon 
the  carbon  dioxide  formed.  The  discrepancy  in  the  estimation 
of  hydrogen  is  explained  by  the  increase  in  the  percentage  of 
methaiie,  any  increment  here  being  first  doubled  and  subtracted 
from  the  "  total  contraction,"  and  then  approximately  doubled 
in  making  the  calculation,  lowering  as  a  consequence  the  hydro- 

1  These  last  five  were  measured  after  explosion  with  the  mercury  burette. 

2  Loc.  cit. 
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gen  by  about  four  per  centl,wleaving  three  and  five-tenths  per 
cent,  to  be  accounted  for. 

Almost  the  only  supposition  to  account  for  this  phenomenon 
is  the  somewhat  anomalous  one,  that  under  these  conditions  the 
hydrogen  is  not  completely  burned. 

In  order  to  determine  the  effect  of  certain  errors,  such  as  the 
reading  of  the  burette — graduated  in  fifths  of  a  cubic  centime- 
ter— and  any  mistakes  made  in  transferring  the  gases,  the  fol- 
ing  assumptions  were  made  (Table  VII),  and  the  deviations 
these  might  produce  were  calculated  by  the  method  of  least 
squares,  with  the  results  showed  in  Table  VIII. 

Tabi^b  VII.— Showing  the  Voi^ume  of  Gases  Taken  and  the  Errors 
Assumed  in  their  Measurement  and  Manipui^ation. 

Oxygen  method.  Air  method, 

cc.  error.  cc.  error. 

Gaseous  mixture  taken* .  •  •  •  •  50.  0.15  15.  0.15 

Oxygen  (or  air)  used 60.  0.15  85.  0.15 

Residue  after  explosion 33.  0.25  21.  0.25 

Carbon  dioxide  formed 16.  0.^5  5.  0.25 

Tabi,e  VIII. — Showing  the  Deviations  to  be  Expected  in  the  De- 
terminations OP  THE  Various  Gases  upon  the  Assump- 
tions IN  TABI.E  VII. 

Oxygen  method.  Air  method, 

per  cent.  per  cent 

Methane 0.51  1.64 

Hydrogen • 0.82  2.40 

Nitrogen  (by  difference) 1.70  4.30 

The  results  of  this  investigation  may  be  summarized  as  fol- 
lows : 

( 1 )  The  method  of  preparation  of  methane  by  heating  sodium 
acetate,  hydroxide  and  lime  together  does  not  yield  a  pure  gas. 

(2)  The  method  of  determination  of  methane  and  hydrogen 
by  one  explosion  yields  results  accurate  to  less  than  five-tenths 
per  cent,  of  the  methane  and  three -tenths  per  cent,  of  the  hydro- 
gen. 

(3)  The  method  by  two  explosions  yields  results  with  in  two- 
tenths  per  cent,  of  methane  and  three-tenths  per  cent,  of  the 
hydrogen. 

(4)  When  a  mixture  of  hydrogen  and  methane  is  exploded 
with  a  quantity  of  oxygen  insufl&cient  for  both,  but  more  thati 
sufficient  for  either,  about  sixty  per  cent,  of  the  hydrogen  and 
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twenty-five  per  cent,  of  the  methane  and  fifty  per  cent,  of  the 
oxygen  are  consumed. 

(5)  The  method  of  determination  of  the  gases  by  one  explo- 
sion with  air  gives  results  not  within  nine- tenths  per  cent,  of 
the  methane  and  seven  and  five-tenths  per  cent,  of  the  hydro- 
gen. 

In  concluding  this  article  we  would  express  our  indebtedness 
to  Mr.  R.  B.  Price  for  preliminary  work  which  served  as  the 
foundation  of  this  thesis. 
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A  Manual  of  Qualitative  Chemical  Analysis.  By  E.  P.  Harris, 
Ph.D.,  LL.D.,  Professor  of  Chemistry  in  Amherst  College.  New 
edition.  Thoroughly  revised  and  corrected.  Amherst,  Mass.  :  Carpen- 
ter &  Morehouse.     1895.     pp.  308.     Price  I1.50. 

The  author  of  this  book  is  a  veteran  teacher,  and  this  new 
edition  is  the  result  of  the  experience  of  his  laboratory  teaching 
for  over  a  third  of  a  century.      The  book  is  divided  as  follows  : 

Parti.  Examination  of  solutions  :  Sec.  I,  Bases ;  Sec.  II,  Acids. 

Part  II.  Examinations  of  solids. 

Part  III.  Qualitative  separations :  Sec.  I,  Bases ;  Sec.  II,  Acids. 

Supplement :  Reaction  of  rare  elements  ;  Use  of  the  spectro- 
scope in  analysis. 

Appendix :  Preparation  of  reagents ;  Table  of  solubility ;  Index. 

Part  first  gives  the  reactions  of  each  of  the  metals  and  acids, 
and  is  interleaved  that  the  student  may  write  out  the  reaction- 
equations  on  the  blank  pages.  This  is  intended  to  be  used  in  con- 
nection with  unknown  solutions  containing  a  single  base  and  acid. 

Part  second  is  a  guide  to  the  systematic  examination  of  solids 
according  to  the  plan  which  was  first  introduced  by  the  author 
and  has  since  been  very  generally  adopted.  This  is  perhaps  the 
most  valuable  part  of  the  book. 

Part  third  takes  up  the  separations  of  metals  systematically, 
using  the  methods  which  have  proved  most  satisfactory  in  the 
Amherst  laboratory.  Alternate  methods  are  in  a  number  of 
instances  given,  but  generally  only  a  single  method ;  the  idea  is 
to  avoid  confusing  the  student  with  a  number  of  different  ways 
of  working,  the  relative  merits  of  which  he  is  incapable  of  esti- 
mating.    This  part  is  very  complete ,  covering  practically  all  cases 
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with  the  common  metals  and  acids,  while  it  is  well  supplemented 
by  a  very  comprehensive  chapter  on  the  reactions  of  the  rare  metals. 

The  appendix  on  the  preparation  of  reagents  will  be  found 
useful  to  teachers. 

This  manual  is  not  intended  to  merely  make  the  student  a 
good  analyst ;  it  is  rather  a  manual  of  instruction  in  chemistry 
through  the  medium  of  qualitative  analysis.  It  is  not  a  book 
for  self-instruction,  but  it  is  intended  that  the  student  shall  have  the 
constant  supervision  of  an  instructor.  As  a  manual  for  college 
students  it  does  not  appear  to  be  too  much  to  say  that  of  all  the 
many  books  of  its  class  it  is  the  best. 

Jas.  Lewis  Howe. 

Principles  and  Practice  op  Agricultural  Analysis.  By  Harvey 
W.  Wiley.  Vol-  II.  Fertilizers.  Cloth,  8  vo.  pp.  332.  Easton : 
Chemical  Publishing  Co.     1895.     Price,  |2.oo. 

The  official  inspection  of  fertilizers  involves  such  great  pecu- 
niary interests  that  the  chemical  methods  used  for  the  purpose 
are  matters  of  the  highest  importance  to  analyst  and  manufac- 
turer. All  countries  in  which  fertilizers  are  used  to  any  extent 
have  some  plan  of  inspection  and  certain  methods  of  conducting 
the  chemical  work  required.  These  methods  are  the  result  of 
very  numerous  and  often  difficult  investigations  of  the  men  best 
qualified  to  deal  with  the  subject. 

In  the  volume  under  consideration  the  subject  of  fertilizers  is 
treated  under  four  heads  :  ( i )  Phosphates  and  phosphatic  fer- 
tilizers; (2)  Nitrogen  in  fertilizers  and  fertilizing  materials; 
(3)  Potash  in  fertilizing  material  and  fertilizers;  (4)  Miscel- 
laneous fertilizers,  lime,  gypsum,  ashes,  coarse  manures,  etc. 

The  matter  of  drawing  samples  of  various  materials  receives  a 
deservedly  large  share  of  attention.  Then  the  analytical' work 
proper  is  taken  up  and  treated  very  fully  and  clearly.  The  dif- 
ferent analytical  methods  of  various  countries  are  given  in  full 
and  a  brief  but  very  valuable  discussion  of  the  merits  of  the 
methods  follows.  In  many  cases  the  value  of  the  discussion  is 
increased  by  full  statements  of  analyses. 

The  matter  thus  brought  together  consists  of  both  original 
matter  and  material  published  at  home  and  abroad  ;  and  often 
published  in  such  a  way  as  to  be  now  inaccessible  to  many 
workers  on  the  subject. 
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The  treatment  of  the  subject  is  full,  clear,  sj'stematic,  and 
well  up  to  date.  Enough  technologj'^  is  included  to  show  the 
reader  the  reason  for  the  methods  used  in  the  work  ;  and  the 
author  has  not  lost  sight  of  the  fact  that  he  is  writing  on  the 
principles  as  well  as  the  practice  of  agricultural  analj'sis. 

The  chemist  who  has  been  unfortunate  enough  to  buj-  a  num- 
ber of  alleged  treatises  on  agricultural  chemical  analj-sis  (chiefly 
of  English  origin)  that  have  recently  appeared  will  fully  appre- 
ciate the  merits  of  this  work  and  heartil^^  thank  Dr.  Wiley  for 
producing  a  work  that  is  full  and  reliable.  For  if  the  investi- 
gator of  questions  bearing  on  the  analysis  of  fertilizing  material 
does  not  find  here  methods  suitable  for  the  purpose  he  has  in 
view,  he  may  as  well  resign  himself  to  working  the  matter  out 
for  himself. 

To  the  teacher  the  book  is  of  very  great  value,  and  if  used  by 
students  they  will  have  the  satisfaction  of  knowing  that  they  are 
well  prepared  for  technical  work  in  factory  or  inspection  labora- 
tories. 

The  full  citation  of  authorities  and  an  unusually  complete 
table  of  contents  and  index  are  commendable  features  of  the 
work. 

In  the  preface,  the  author  regrets  **that  the  contents  of  the 
volume  have  again  exceeded  all  expectations."  His  readers 
will  not  share  this  regret,  for  there  is  nothing  here  that  could 
have  been  omitted  to  advantage. 

It  is  to  be  hoped  that  there  may  be  no  delay  in  the  appear- 
ance of  the  remaining  volumes  of  a  work  that  is  of  such  high 
value  to  those  who  wish  to  keep  informed  on  so  wide  a  range  of 
chemical  work  as  is  included  under  the  term  agricultural  analy- 
sis. H.  A.  Huston. 

Laboratory  Work  in  Chemistry.  A  Series  of  Experiments  in 
General  Inorganic  Chemistry.  By  Edward  H.  Keiser.  8  vo. 
viii,  119  pp.     New  York  :  American  Book  Co. 

This  little  book,  in  spite  of  its  name,  is  not  exclusively  a 
laboratory  guide  nor  is  it  exclusively  devoted  to  experiments  in 
inorganic  chemistry.  Thus,  we  find  (p.  62)  a  definition  of 
equivalent,  and  a  description  of  the  properties  of  carbon  (p.  94). 
The  experiments  relating  to  the  organic  compounds,  marsh  gas, 
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ethylene,  and  calcium  carbide  do  not  strike  one  as  being  very 
instructive  or  apropos  of  anything  in  particular. 

An  excellent  feature  is  the  introduction  of  numerous  ques- 
tions, although  these  might,  perhaps  with  advantage,  have  been 
more  closely  confined  to  the  subjects  of  the  experiments.  It  is 
not  easy  to  see,  for  example,  why  such  a  question  as  the  follow- 
ing should  be  brought  into  a  laboratory  manual :  **  Which  ele- 
ments make  up  three-fourths  of  the  solid  crust  of  the  earth  ?'* 

A  number  of  the  more  diflBcult  experiments,  such  as  the  gravi- 
metric determination  of  the  composition  of  water  are  to  be  per- 
formed by  a  few  more  advanced  students  for  the  benefit  of  all,  a 
commendable  arrangement  when  the  classes  are  not  too  large. 

The  experiments  ^re,  in  the  main,  well  selected  and  described 
in  simple  and  clear  English.  The  use  of  the  term  **  arseniu- 
retted  hydrogen'*  is  a  curious  anachronism  in  a  book  which  for 
the  rest  adheres  to  a  modern  nomenclature. 

L.  W.  Andrews. 
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Kentucky  Agricultural  Experiment  Station,  Bulletin  No.  56. 
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NOTE. 

The  Banquet  to  Messrs,  Mond  and  Tyrer, — Two  prominent 
English  chemical  manufacturers,  Messrs.  Ludwig  Mond,  a 
member  of  the  well-known  firm  of  Brunner,  Mond  &  Co.,  and 
Thomas  Tyrer,  a  manufacturer  of  pharmaceutical  chemicals  and 
now  President  of  the  Society  of  Chemical  Industry,  have  been 
paying  a  visit  to  the  United  States.  There  has  naturally  been 
considerable  desire  among  American  chemists  to  meet  these 
gentlemen,  and  they  have  received  many  invitations  and  courte- 
sies.    An  account  of  Mr.  Tyrer's  visit  to  the  meeting  of  the 
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Lehigh  Valley  Section  of  the  American  Chemical  Society  will 
be  found  in  the  Proceedings  issued  with  the  November  number 
of  this  Journal. 

On  the  evening  of  November  i,  ninety-one  chemists  took  part 
in  a  farewell  banquet  at  Delmonicos.  The  after-dinner  speakers 
were  Mr.  Alfred  Mason,  of  New  York,  who  presided,  Thomas 
Tyrer,  lyudwig  Mond,  Peter  Townsend  Austen,  Seth  Low,  W. 
H.  Nichols,  and  H.  W.  Wiley.  Impromptu  remarks  were  also 
made  by  J.  H.  Appleton  and  Walter  H.  Bunn.  A  verbatim 
account  of  the  remarks  made  is  contained  in  the  New  York  Oil, 
Paint  and  Drug  Reporter^  November  4,  from  which  this  account 
is  condensed. 

It  is  quite  impossible  in  the  space  available  to  do  justice  to  all 
that  was  said.  The  addresses  made  were  all  enjoyable,  some  of 
them  brilliant,  and  the  festivities  were  ably  and  wittily  directed 
by  Mr.  Mason. 

Mr.  Tyrer,  who  spoke  for  the  Society  of  Chemical  Industry, 
after  referring  to  the  early  history  of  the  Society,  expressed  his 
appreciation  of  the  courtesies  received  during  his  visit,  his 
belief  in  the  greatness  of  our  industrial  future,  and  his  admira- 
tion of  our  institutions  of  learning. 

Professor  Austin  spoke  for  the  N.  Y.  Section  of  the  American 

Chemical  Society.     Among  other  things,  he  said : 

"In  this  country  the  practical  chemist  and  the  teacher  have  little  time 
left  for  purely  scientific  research  and  in  this  we  cannot  compete  at  pres- 
ent with  Europe,  But  I  am  sure  the  time  will  come  when  we  can.  I 
have  unlimited  confidence  in  American  brains.  Industrial  chemical 
investigation  is  no  less  difficult,  no  less  honorable  than  purely  scientific 
research.  If  any  investigator  in  pure  science  doubts  this  let  him  try  his 
hand  at  cracking  some  technical  nut.  Let  him,  for  instance,  get  up  a 
profitable  process  for  making  sodium  permanganate  for  our  colleague, 
Mr.  Tyrer.  •  ♦  *  What  we  need  now  in  this  country  is  the 
establfshment  of  departments  of  chemical  engineering  in  our  larger  col- 
leges. *  *  To  understand  the  chemistry  of  manufacturing  is  one 
thing,  to  be  able  to  handle  a  chemical  reaction  mechanically  is  quite 
another  matter.** 

Mr.  Mond  responded  for  the  guests,  he  said  : 

*'  I  feel  proud  that  while  so  many  miles  from  home  I  am  yet  no  stranger 
among  you.  *  *  Professor  Austen  has  remarked  that  investiga- 
tion in  technical  chemistry  is  quite  as  difficult  as  investigation  in  pure 
science.    There  is,  however,  this  great  difference  that  investigation  in 
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pure  science  bears  fruit  for  centuries  to  come.  Every  discovery  of  new 
truth  is  an  increase  of  knowledge  and  is  a  benefit  to  humanity.  Techni- 
cal matters  come  and  go  and  make  room  for  more  perfect  methods  as  time 
goes  on.  It  is  therefore  true  that  a  man  who  devotes  himself  to  pure 
science  deserves  the  gratitude  of  future  generatiofis  as  well  as  his  own. 
We  live  more  for  our  children  and  grandchildren  than  for  ourselves,  so 
we  cannot  do  too  much  in  encouraging  men  who  are  ready  to  devote  their 
lives  to  the  betterment  of  the  future.  It  is  extremely  natural  that  in  an 
immense  country  like  this — ^but  it  is  not  right  to  call  it  a  country  or  a 
continent ;  it  is  a  hemisphere  ;  it  is  half  of  this  globe—that  the  few  who 
develop  this  branch  of  science  shall  have  little  time  to  think  of  posterity. 
In  looking  at  the  magnificent  institutions  that  have  grown  up  in  this 
country  for  the  study  of  science  I  have  very  little  doubt  that  the  time  is 
not  far  distant  when  very  many  of  you  will  appreciate  the  importance  of 
pure  science  more  than  you  have  ever  done  before,  and  the  time  will  not 
be  far  distant  when  the  number  will  be  large  enough  to  meet  the  wishes 
of  men  of  science  among  you.** 

Mr.  W.  H.  Nichols  responded  for  the  Chemical  Manufactur- 
ers.    He  said : 

**  That  knowledge  is  power  is  true,  but  how  can  it  be  power  without 
the  application  of  it,  and  how  can  we  have  the  application  without  the 
engineer.  •  •  There  is  one  other  thing  in  which  we  can  imitate 
our  friends  on  the  other  side  of  the  water  to  advantage,  and  that  is  the 
way  in  which  they  come  together  and  compare  notes,  and  receive  from 
one  another  benefits  from  the  experience  each  has  attained.  In  this 
country  we  have  not  grown  enough  to  know  not  to  be  afraid  of  each 
other,  and  the  manufacturing  chemist  of  the  United  States  is  hiding  his 
head  in  the  sand  like  the  ostrich  •         ♦         •         •         •         in  the 

census  of  1890  it  was  ascertained  that  there  were  1626  manufacturing 
establishments  in  the  United  States.  They  employed  a  capital  of  over 
one  hundred  and  sixty-eight  million  dollars,  and  hired  property  of  the 
value  of  twelve  million  dollars,  employing  in  the  aggregate  nearly  44>ooo 
persons,  and  paying  a  total  wage  of  more  than  twenty -five  million 'dol- 
lars. I  desire  to  call  the  attention  of  our  guests  to  one  or  two  facts  con- 
nected with  these  employes.  Of  the  total  number  a  little  less  than  4,000 
were  females,  but  only  346  were  children.  That  is  one  of  the  best  state- 
ments I  can  make  to  show  the  condition  of  the  manufacturing  industry 
that  it  has  been  necessary  to  employ  only  346  children.** 

The  arrangements  for  the  banquet  were  in  the  hands  of  a 

committee  with  J.  H.  Wainwright  as  chairman.     They  were  well 

planned  and  the  occasion  was  a  most  enjoyable  and  profitable 

one.  E.  H.. 

Errata. — Page  759,  October  Number,  in  the  table  headed  '*  MoOg 
in  sample  10  Phosphomolybdate  "  the  line  Doolittle  (Job)  90.47,  93.05, 
95.80,  should  read  Doolittle  (Job)  89.88,  92.45,  95.18. 
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A  FEW  weeks  ago,  one  of  the  foremost  scientists  of  the  present 
century  passed  into  the  great  beyond.  Louis  Pasteur, 
although  a  master  mind  in  physics  and  geology,  was  preeminently 
a  chemist,  therefore  it  behooves  our  Society  to  express  its 
regrets  at  the  great  loss  sustained  not  only  by  France,  but  which 
the  whole  civilized  world  is  obliged  to  bear.  Men  like  Pasteur, 
whose  life  was  spent  in  disseminating  broad  principles  of  truth, 
in  alleviating  pain,  in  mitigating  epidemic  diseases  and  in 
exterminating  parasites  whose  activity  threatened  ruin  to  the 
agriculturists,  cannot  be  narrowed  down  as  belonging  to  one 
country ;  but  on  the  contrary  are  veritable  cosmopolites, 
deservedly  honored  and  venerated  by  every  nation. 

It  is  not  my  intention  to  give  a  sketch  of  the  life  of  Pasteur, 
but  simply  to  call  your  attention,  in  a  brief  way,  to  some  of  his 
most  important  contributions  to  science  and  the  effects  produced. 
The  one,  that  undoubtedly  tended  towards  moulding  his  thoughts 
in  the  direction  to  which  he  devoted  his  best  years  was  to  com- 
bat the  idea  of  Heterogenesis  and  it  may  truthfully  be  said  that 
he  succeeded  in  making  it  untenable  by  incontestable  evidence 
in  support  of  his  theory,  that :  **  The  living  organized  ferments 
spring  only  from  similar  organisms  likewise  endowed  with  life  ; 
and  that  the  germs  of  these  ferments  exist  in  a  state  of  suspen- 
sion in  the  air  or  on  the  exterior  surface  of  objects.'*  This  not 
only  disproved  Fremy's  Henii-organism  hypothesis  but  also 
Liebig's  assertion  that  **  The  cause  of  fermentation  is  the  inter- 
nal molecular  motion,  which,  in  the  course  of  decomposition,  is 
communicated  to  other  matter  in  which  the  elements  are  con- 
nected by  very  feeble  affinity.'*  Pasteur,  by  means  of  most 
thorough  and  extensive  research,  from  1857-61,  simply  forced 
the  attention  of  everybody  to  the  physiological  side  of  the  sub; 
ject,  and  by  absolutely  unimpeachable  evidence,  proved  that 
Schwann's  views  are  correct.  Of  the  investigation,  both  syn- 
thetical and  analytical,  it  is  impossible  to  speak  otherwise  than 
in  terms  of  the  highest  admiration.  Even  the  purely  critical 
portion  of  Pasteur's  work  would  be  enough  to  immortalize  his 
name.     His  theory,  **  That  the  chemical  act  of  fermentation  is 

1  Read  before  the  Cincinnati  Section,  Oct.  isth. 
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a  correlative  phenomenon  of  a  vital  act,  beginning  and  ending 
with  it,'*  notwithstanding  the  thousands  of  experiments  since 
made  by  him  and  other  investigators  remains  unshaken  and  is 
to-day  the  firm  basis  of  all  ideas  respecting  fermentation.  Pas- 
teur's researches,  by  their  precision,  the  care  taken  to  avoid  all 
sources  of  error,  and  his  rigorous  exactness,  removed  every  sus- 
picion of  the  intervention  of  germs  brought  from  without  or  pre- 
existing in  the  liquid  operated  on,  a  difficulty  on  which  all  dis- 
cussions between  heterogenists  and  panspermists  had  heretofore 
turned.  By  means  of  the  organic  corpuscles  of  dust  mixed  with 
amorphous  ones,  obtained  by  filtering  air  through  a  gun-cotton 
plug  and  showing  that  their  absence  prevented  sterilized  fluids 
from  fermenting,  but  their  presence  would  cause  it  to  set  in, 
Pasteur  elevated  a  hitherto  merely  observed  phenomenon  to  a 
scientific  basis.  His  experiments  with  the  forty  flasks  of  must, 
to  show  that  the  ferments  which  cause  the  fermentation  in  the 
vintage  tube,  must  come  from  the  exterior  and  not  the  interior 
of  the  fruit,  as  well  as  those  made  to  discover  quantitatively  the 
germs  in  the  air,  are  famous. 

Pasteur's  signal  success  in  counteracting  the  effects  of  Pebrine 
which  threatened  to  destroy  the  silk  industry  of  France  and 
Italy,  not  only  saved  thousands  from  absolute  ruin  but  taught 
the  people  that  infectious  diseases  could  be  combated  by  a  most 
novel  method.  Consequently  his  efforts  toward  suppressing  the 
ravages  produced  by  chicken  cholera  and  spleenic  fever  met 
with  less  popular  prejudice.  While  experimenting  on  chicken 
cholera  he  produced  cultures  of  varying  degrees  of  virulence  by 
permitting  sufficiently  long  inter\^als  to  elapse  between  the  im- 
pregnation of  one  culture  with  the  microbe  of  the  preceding. 
Furthermore,  he  proved  that  each  culture  of  attenuated  virulence 
reproduced  the  virulence  of  that  which  had  served  as  thie  starting 
point ;  concluding  from  these  experiments  that  the  oxygen  of 
the  air  was  the  possible  cause  of  the  attenuation.  When  fowls 
had  been  rendered  sufl&ciently  ill  by  the  attenuated  virus  which 
the  vital  resistance  arrested  in  its  development,  immunity  from 
the  original  disease  arose.  Perhaps  one  of  the  most  brilliant 
triumphs  achieved  by  Pasteur  consisted  in  taking  advantage  of 
the  morphological  changes  taking  place   in    the    Anthracoid 
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microbe.  He  prevented  it  from  producing  corpuscle  germs, 
kept  it  while  in  this  condition  in  contact  with  oxygen,  days, 
weeks,  and  months,  and  thus  produced  a  series  of  attenuated 
virulences.  With  this  vaccine  he  practically  exterminated  the 
spleenic  or  carbuncular  disease  throughout  France. 

To  Pasteur  we  owe  nearly  all  of  our  knowledge  of  the  rela- 
tions between  the  optical  activity  and  crystalline  form  in  tartaric 
acid.  He  showed  that  enantimorphism  depended  upon  hemi- 
hedral  forms  of  the  rhombic  system.  His  experiments  in  this 
direction  led  to  the  discovery  of  physiological  asymmetry  and 
paved  the  way  for  the  study  of  elective  fermentation.  He 
proved  that  substances  chemically  and  physically  the  same  save 
in  their  opposite  rotatory  power  can  serve  in  one  case  as  nutrients 
to  certain  organisms  and  in  the  other  are  worthless  as  such ; 
and  that  only  certain  geometrical  forms  can  serve  the  require- 
ments of  the  cells.  Thus  we  see  Pasteur  as  one  of  the  pioneers 
in  the  field  of  stereochemistry. 

His  successful  method  of  counteracting  rabies,  his  untiring 
labors  in  the  interest  of  suffering  humanity  up  to  the  time  of  his 
death  forcibly  recalls  Tyndall's  letter,  written  as  far  back  as 
1876.  **  For  the  first  time  in  the  history  of  science,  we  are  justi- 
fied in  cherishing  confidently  the  hope  that,  as  far  as  epi- 
demic diseases  are  concerned,  medicine  will  soon  be  delivered 
from  empiricism  and  placed  on  a  real  scientific  basis  ;  when  that 
great  day  shall  come,  humanity  will,  in  my  opinion,  recognize 
the  fact  that  the  greater  part  of  its  gratitude  will  be  due  to  you.*' 

Believe  me  ever  faithfully  yours, 

John  Tyndall. 

France  can  well  be  proud  of  such  sons  as  Lavoisier  and  Pas- 
teur. Generations  to  come  will  recognize  in  their  labors  the 
possibility  of  unveiling,  by  means  of  conscientious  scientific 
research,  nature's  most  carefully  treasured  secrets. 

Indeed  Longfellow  must  have  had  such  men  in  mind  when  he 
wrote, 

**  Lives  of  great  men  all  remind  us 
We  can  make  our  lives  sublime, 
And,  departing  leave  behind  us 
Footprints  on  the  sands  of  time." 

Alfred  Springer. 
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